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NICA’s MPD-Inner Tracking System. MPD-ITS "NITC'A

MPD-ITS structure: 3-layers Inner Barrel + 2-layers Outer Barrel.

It will supplement the TPC for the precise tracking, momentum determination and vertex reconstruction for
hyperons (A, =, Q) and D-mesons.

™ :CD:

Yoke Cryostat ECal
SC Coil” TOF

Some of the MPD-ITS requirements:

- Fast, high granularity CMQOS pixel sensors with low noise level.

- Spatial resolution of track coordinate registration at the level of ~5-10 pm.

- Material budget as low as possible.

CPC Tracker' FHCal ™ TOF
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The MAPS chip

Towerdazz 0.18 um CMAS pixel sensor

MPD - ITS

» High-resistivity [> 1kQ cm]) p-type epitaxial layer (20um - 40um thick] on p-type substrate.
» Small n-well diode (2-3 iUm diameter), ~100 times smaller than pixel => low capacitance.

» Deep PWELL shields NWELL of PMOS transistors, allowing for full CMOS circuitry within active area.

012 x 1024 pixels
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ALICE ITS-2. The first tracker totally based on MAPS technology MPD-TS (X TTC A

12.9 G-pixel

» Total active area ~ 10 m=
»~ 24000 pixel chips

1. Improve impact parameter resolution by a factor of ~3
» Get closer to IP [position of first layer): 39mm = 22mm
» Reduce X/Xo / layer: ~1.14% > ~0.3% (for inner layers)
» Reduce pixel size: 50pm x 425um > 0(28m x 28um)

2. Improve tracking efficiency and pr resolution at low pr
» Increase granularity:

» 6 layers s> 7 layers
» silicon drift + strips + pixels s pixels 1. ALICE-ITS (LHC, CERN)

3. Fast readout 2. sPHENIX-MVTX (RHIC, BNL)
» Currently 1 KHz =>> 100 kHz (Pb-Pb) and several 105 Hz (p-p)

3. MPDHITS (NICA, JINR] T

4. Fast insertion/removal for yearly maintenance
» Possibility to replace non functioning detector modules during yearly shutdown. NUCLEUS — 2021 - 2021.09.22 | César Ceballos Sanchez



Full technological transfer from ALICE to MPD MPD-TS N\TTC A

 Complete Knowhow

* Detector assembly and testing hardware/software Setup at JINR of the full detector assembly line from chips to detector layers
e Supervision and support from ALICE specialists

i - — ! Ultrasonic bonding Chips - FP | HIC testing [
| Chips alignment and gluin Bt i i | HIC testing |
B e -~ o= = .

id i

NUCLEUS - 2021 - 2021.09.22 | César Ceballos Sanchez




MPD - ITS
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Additionally, a lamination workshop is being setup for the production at JINR-LHEP of almost the complete carbon fiber
mechanics elements for the MPD-ITS construction and its integration with the beam pipe, the FFD and the TPC.
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CMIS implementation at JINR (LIT)

MPD - ITS NICA

Custom Assembly & Testing programs

CMIS EQS

. File attachments ¢
~~ [Oracle) ¢——m—m———p (W)
‘ —.

database

File Edit View Search Terminal Help
-> IBS is r the tray ID together with status
>>> <<<

>>>

<<
ecognised ID scanned: "T855181", try again!
<- tray ID is 53AMA14B

Please confirm that this tray is for HIC assembly of type: "OBS" by typing "OBS": 0BS
0BS

+ -+
| OK | OK | OK |
rrrrrrrrrr o Sh S
NK | OK | OK | NK | OK | OK | NK |

e e S e e e ST

NK | OK | NK | NK | NK | NK | OK |

i R e e o

Please confirm chip content by typing "OK" or anything else to cancel: 0K
0K

<< "TRID53AMAL 1:NK,A2:NK, A3:0K, A4: 0K, A! ,A6:0K,A7:0K,A8:0K,B1:0K,B2:NK,B3:0K,B4:0K,B5:NK,B6: 0K,
B7:0K,B8:NK, C1 2:NK, C3:0K, C4:NK, C5:NK, C6:NK, C7:NK, C8:0K"

>> Removed command <TRID> from command list

webApp API functions
(HTTPS) (HTTP GET/POST & SOAP)

CmisWebAPI

The following operations are supported. For a formal definition, please review the Service Description.

renewed)

n
B JINR SSO:

Home » AR0O03016 » Edit HIC Assembly AR003016

Resources Administration ©Help - e~ G»Log Out

Summary Info  Settings Resources Organization Planning Accounting Reports

[SSH)

Components Raw Materials

ActivityAttachmentCreate

ActivityAttachmentRemove

0 HIC Assembly AR0030176 has been updated.

Edit HIC Assembly AR003016

View Edit

» Kerberos credentials.

HIC Category *

I [ . .
» Access cookies vaUIPEd thr‘OUQh

Assembly Crew *

ActivityChange

» Registered service accounts.

ActivityComponentAssign

~ Activities: Test Project JINR 1

Total Records: 3 e ActivityComponentRemove

L L Start . Activity
Activity Name Activity Type Date End Date Location Status

. ActivityCreate
Activity Result

ActivityMemberAssign

(SSO cookile]

[61] DRW: Send DRW Unit for
production
[61] DRW: Jig drawing JIGDRW T090.000.185 | [61] DRW: Send DRW Unit for
Beam production
[41] 123 [41] Test 17.12.2020 [61] OPEN

[62] Another test [61] OPEN 0 ActivityMemberChange

[43]
OK_SENT_FOR_PRODUCTION
0

ActivityMemberRemove

[62] CLOSED

ActivityParameterChange

ActivityParameterCreate

ActivityParameterRemove

ActivityRead

ActivityReadOne

ActivityTypeRead
CARIOLA PASQUALE

CEBALLOS SANCHEZ CESAR

‘get-sso-cookie.py’.

ActivityTypeReadAll

.
>
a
4
<.
2
3
=
=
o
3
13
®

ActivityUriCreate

v Annotations

Logbook

Assembly Annotations:

H =E =H H =H =H = =H =H =H = Sl =E =E HE =E = = 5§ =5 5 5 5 H H 5 5 5 5§ 5§ =5 5 5 5 5 5 5H 5 5H 5H 5 5 5§ 5 5 5 5 5 H H H H H H H = 5 5 5 H H H H H HE H = = = =5 = H = = H H = = = = = = = = = Actions.

(Kerberos credentials automaticall

OB HIC Qualification Test ITS Upgrade HIC and Stave Characterisation Software
ALICE
scan status “ | Object Layout
®  ; PowerTest Done (in 1 min)
2 Dctrl Measurement Done (in 4 min)
3 Fifo Scan Done (in 1 min)
4 Fifo Scan, V +10% Done (in 1 min)
5 Fifo Scan, V -10% Done (in 1 min)
6 Digital Scan BB O Done (in 0 min)
7 Digital Scan BB 0, V +10% Done (in 0 min)
OUTER BARRELHIC
8 Digital Scan BB 0, V -10% Done (in 0 min)

Information System for ALICE Upgrade

X poret 7m0 O 0 = = =30 =

Construction Mana: +LQ 11 Tune VCASN Scan 0.0V Done (in 0 min)
12 Tune ITHR Scan 0.0 V. Done (in 0 min)
13 Threshold Scan 0.0 V Done (in 7 min)
E R N - [‘ 14 Noise Occupancy 0.0 V. Done (in 0 min)
15 Noise Occupancy 0.0 V/ Done (in 0 min)

. KYBERNETIKA sro.
i i Automatizované systémy riadenia 1R Donelnionty
JINR Slngle Slgn On 17 Tune VCASN Scan 1.0 V Done (in 0 min)
18 Tune ITHR Scan 1.0 V. Done (in 0 min)
Reminder: you have agreed to comply with the JINR computing rules Ra 19 Threshold Scan 1.0 V Done (in 7 min)
ALICE UPG D 20 Digital Scan BB 3 Done (in 0 min)
Sign in with a JINR account )) e a ccess MANAGEMENT 21 Digital White Frame BB 3 Done in 0 min)
= . Construction M t Inf " - 22 Threshold Scan 3.0 V Done (in 7 min)
User name: January 2019 nstruction Management Information System 23 Tune VCASN Scan 3.0 V Done (in 0 min)
Ver.3 24 Tune ITHR Scan 3.0 V Done (in 0 min)
Password: - 25 Threshold Scan 3.0 V Done (in 7 min)
26 Noise Occupancy 3.0 V Done (in 0 min)
» Registere - users e
u Power Off Quit
CERN

Joint Institute for Nuclear Research
6 Joliot-Curie St

» Role-based access rights.

Henrieta Telepovska
Jakub Cerkala
Vasil’ Vanéik
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The two-stages construction scenario. Stage-1 (by 2022/2023) R (NICA

The Outer Barrel.

Sensor

half stave

¢

Layer 5: 24 Staves (48 Panels]

The Integration Mechanics.
(Beam pipe, TPC, FFD)

dallos Sanchez 9



The two-stages construction scenario. Stage-2 (by 2025/2026) VFE-TS 'NICA

The Inner Barrel.

Goal: Use double-size ALICE-ITS3-like sensors on a beam pipe of 40 mm in diameter
ALICE-ITS3 (Under R&D): 20 um-thick (!!') by 280 mm-long bent MAPS

Cylindrical
Structural Shell

Half Barrels

BackUp plan: Built an ALICE-ITSZ2-like 1B

Sensor
IBHIC

TEREEE RV R EHERERR IR R R = h=hee
=1 '\ '“" J ‘¢ ‘ _&n-‘.-. ...............
Sinmas pan g Atag s e , .

9 Sensors
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MPD-ITS Collaboration MPD-1TS "N IC A

CERN supervision

JINR CCNU

- Components distribution

‘- HIC assembly (33%) - HIC Assembly (66%) ‘
|- Stave assembly [(33%) - Stave assembly (66%) |
|- Simulations [50%) - Simulations [50%) |
- Integration Mech. & Cooling (100%] Read-out electronics Devel. (100%]
- DCS (100%)]) Read-out electronics Prod. [100%)]

00% 00%
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MPD-ITS approach: MPD and beyond

* Bring the state of the art MAPS technology for trackers to JINR
¥  High precision assembly and testing
v Automated management system at LIT

¥ Trained staff personnel

e Setting up a lamination workshop for carbon fiber structures
¥ In-house production of mechanical parts with high precision
v Possibility of implementing customized solutions
¥ Trained staff personnel

* Establishing a solid collaboration
¥ International [Chinese Institutions, CERN, INFN)
¥’ National (SPbSU, MSU)
¥ Interlaboratories (LIT, FLNP)

MPD - ITS

Requires a lot of resource investment (money and time) on infrastructure, personnel training and overcoming the difficulties

for keeping up with the world-level cutting edge technology.

Provides the opportunity to JINR of establishing itself in the front line of the MAPS-based tracker technology which is

foreseen to become the new standard for fundamental and applied research.
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MPD-ITS current status wPo- 1t AT

Current Work Packages

Work Package Status

1. Simulations EActive

2 ImnerBarrel HC Low Profile
3.OuterBarel MG~ Actve
4.Outer Barrel Staves Low Profile
5 Mechanics & Cooling Design ~~ Active
6.Mechanics & Cooling Production ~ Active
7.Readout and Electronics Devel. ~ Active
8 Readout Electronics Prod. Onhold
epcs  Actve
10.Inbeam Tests Onhold
11.Services Active
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MPD - ITS (NiCAD

Overview on the work done by the “Active” and “"Low profile” WPs
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WP1 - Simulations

MPD - ITS

Goal: To asses the identification ability of the MPD tracking system (ITS + TPC] for the reconstruction of the decays of strange (A -, =-, and QO -hyperons) and
charmed (DO- and D*-mesons) particles produced in central Au + Au collisions at 4/Syy = 9 GeV.

MpdRoot

Background

Thermal Generator tuned to
the energy range of NICA
collider.

QGSM event generator.

The decay channels of strange and charmed particles used for their reconstruction in the MPD tracking system.

Mass Average path length BR
Hadron (MeV /cm?) I Decay channel (%)
A 1115.68 + 0.01 78.9 T +p 63.9
S 1321.71 + 0.07 49.1 7~ + A° 99.9
0 1672.45 + 0.29 24.6 K=+ A° 67.8
DT 1869.62 + 0.20 0.312 7t 4+t + K~ 9.13
DY 1864.84 + 0.17 0.123 ot + K~ 3.89
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WP1 - Simulations MPD-TTS "NIIC A

Track Reconstruction Methods:
> Kalman filter (KF).
> Vector Finder (VF)*

Signal selection criteria:
> Cuts(™ ") on the topology of the decay of the short-lived particles (TC):
dca (tracks of decay products, primary vertex of interaction).
distance (between tracks of daughter particles) @ vertex of the decay of the parent particle.
path length of the parent particle (point of its formation, decay point).
angle (vector connecting the primary and secondary vertex, vector of the reconstructed momentum of the parent particle).
(**lcut-off level for the specified selection parameters is based on the maximum value of the significance function Sg(Ci) for each parameter G

> Multivariate Data Analysis (MVA)]
FIlVN = R (classifier response) @ training phase, BDT (boosted decision tree classifier) @ analysis phase using the same topological parameters from TC

D.A. Zinchenko, A. I. Zinchenko, E. G. Nikonov. «Vector Finder — a toolkit for track finding in the MPD experiment» Ilucoema ¢ I9AA. 2021. T. 18, No 1(233). C. 134
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WP1 - Simulations

@
MPD - ITS
(NICA)
TPC+ITS-5-64 vs TPC+ITS-5-40

Reconstructed particles: Multistrange and Charmed particles

Track Reconstruction Method: Kalman filter (KF).

Signal selection criteria: TC & MVA

Particle = Ve Dt DT
Reconstruction method TC TC TC MVA
Number of events 10° 10° 108 108
Beam pipe diameter [mm| 40 64 40 64 40 64 40 64
Efficiency |%)] 1.3 1.2 0.7 06 0.5 0.04 1.0 0.06
Significance (S/v/S+B ) 434 425 3.7 35 7.0 0.9 10.5 0.9

TPC+ITS-5-40: Provides reliable detection with an efficiency of about 1 % for both multistrange and charmed particles.

TPC+ITS-5-64:
> the efficiency of reconstruction of hyperons decreases by 10%.
> for D-mesons the efficiency of their reconstruction decreases by an order of magnitude.

The study of the physics of heavy-flavour on nucleus-nucleus collisions @ NICA-MPD seems to be promising assuming the beam pipe diameter will be reduced
to an optimum value of 40 mm.
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WP1 - Simulations

o
MPD - ITS (N ICA)
Detection of D-mesons In central Au+Au collisions with the vertex detector TPC+ITS-5-40
: Mass Mean path e
Particle [MeV/c2] e [mm] Decay channel BR Multiplicity
Do 1864.8 0.123 m + K- 3.89% 102
D+ 1869.6 0.312 o+ T+ K 9.13% 102

R-¢ Pointing Resolution .vs. Pt

a0 e LR Signal Background

800 Bea,;;",,‘?g:?o,,;m' Generator: TG Generator: QGSV

700 Pl e Statistics: 1M decays Statistics: 100K events
Protons - blue

D
[
(=)

Two methods were used for track reconstruction:
1)Method of Kalman filter (KF)

R-0 Pointing Resolution (pum)
w o
- o
o o

IlllllllllllllllllllllllllllIlllllllﬂll]lf“

O[TTTT

O Bt L EEEE .“.v..-.'..“‘ '...-...A..v:-...-.-.. .:...-...-.-..-......-.-..-...-......;.-..... peedianaag
o : : : i - : !

o

—

P~ -____ 5 __------- 2]Method of vector finder (VF)
- R L R
Transverse Momentum (GeV/c) Two methods were used for D mesons selection:
o | 1)Method of topological cuts (TC)
TPC+ITS-5-40 pointing resolution(”) of at least 100 pm 2)Method of multivariate data analysis [MVA]

allows a decay vertex reconstruction of D® mesons pr
down to 500 MeV/c.

(*JThe pointing resolution of the vertex detector is defined as the r.m.s value of the closest approach distance of the reconstructed particle track to the vertex.
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WP1 - Simulations MPD-TTS "NIIC A

D+ and D9 reconstruction using KF

Tc: dca[n]’ dca[K]’ dca[rrK], )\[D]’ e[D] Cuts M(nxK): signal+background(100M)

Input variable: Pi-K-Pi sum distance
s 60- E E '” L 5 - S I I(Do)-i.“ﬁo-o.WOOV
§ 50 Background 3, % 7H ﬁ 3 . 5(D+)=0.016+-0.001 GeV
3 E 3 § S 6 g s % §
© 40 g < _ g © g
z | 15 % 9 =z B s
o - s e o
i oz i 2 oa :
- - °. Y ; d -~ s °:
=2 1% o S :
18 2| d 10 d
13 ] . § - :
. i3 7777 s i 2LNs
0.02).040.060.080.10.120.140.160.180.2 0.22 02 04 06 08 1 12 14 0.02 0.04 0.06 0.08 0.1
D+ path [cm) Pointing angle [rad] Pi-K-Pi sum distance [cm)
o M(nrxK): signal+background(100M)
MVA: BDT classifier cuts 5 20
— € - M(D+)=1.867+.0.002 GoV
31 55k o(D+1=0.0164-0.001 GaV Do D*
g ‘ _ s‘dn" T | L | LA B | 1T T 0 -
Z [ Background 1.5 Sranees - e TC MVA TC MVA
z | 1.45— S =989
= af = 1 ER 0.80 0.85 0.50 1.0
- £ 1.4 L
. ; 1 35:—
: £ L 0.3 0.9 /7.0 10.5
- - 1.3[7 1T T :
: : AT g l _
5 ; 1254 1T I | 0.10 0.11 0.12 0.14
° _0,4 02 0 0.2 0.4 - ‘?;’Ul‘igé lllllllllllllllllllll | I

BDTD response

Using the topological cuts allows to reconstruct D9 and D* decays with an efficiency of 0.8% and 0.5% respectively. Using the optimal BDT cut allows to
reconstruct DO and D* with an efficiency of 0.85% and 1.0% respectively.

A. L. Zinchenko, S. N. Igolkin, V. P. Kondratiev & Yu. A. Murin' NICA-MPD Vertex Tracking Detector Identification Capability for Reconstructing Strange and Charmed Particle Decays"'.

Physics of Particles and Nuclei Letters , volume 17, pages 856—870 (2020)
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WP - Simulations o
MPD - ITS
o _ NICA
D mesons reconstruction using KF and VF methods: comparison

o, 1.2
-
g 1— o
= " N ' Particle Do D+
0.8
- . a) Tracking method KF VF KF VF
0.6— —®&— Vector Finder
E Kalman Filter Method TC MVA TC MVA TC MVA TC MVA
0.4
0 23_ Efficiency, % 0.80 0.85 167 1.70 0.50 1.0 1.5 2.0
"oi' BT R Y T Y S W R ¥ Significance 5.3 5.5 188 17.0 7.0 10.5 212 085
P, GeV/c
., 1.2
::: - S/B ratio 0.10 0.11 0.74 0.75 0.12 0.14 0.5 0.8
) l?—.—.——.&.—.——.—_.__._
5 — — e
0.8
- b)
0.6— —e— vector Finder .
0.4 __ Kalman Filter
- Using VF mechanism allows to reconstruct D+ with an efficiency 2 times higher and with higher level of
“f significance compared to KF technique.
05 1 15 2 25 3
|
ror e N. Maltsev (SPbSU), “The identification capability of the Inner Tracking System for the detection of D-mesons at the NICA/MPD”. NUCLEUS -2021
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WRP?2 - Inner Barrel HIC

MPD - ITS (NiCAD

> Contact has been established with ALICE-ITS3 for participating on:

> Mlechanics

» Study of the radiation damage induced by fast neutrons on the carbon foams spacers irradiated at JINR's IBR-2 [more on

next slide]

>» Simulations

» Collaborate on the physics simulations for the large-area bent MAPS for the implementation of Hit and Cluster generations

> In-beam tests

* Conducting in-beam tests on large-area bent MAPS at JINR using 200 MeV electrons.
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WPZ2 - Inner Barrel HIC: Study of Radiation Damage on Carbon Foams ., .- SICA

Mechanics

FLNP’s IBR-2 irradiation positions

Cylindrical
Structural Shell

Half Barrels

The type of samples to be tested for radiation damage divided into three categories:
- Carbon Foams

- Glues
- Subassembly structures

Three types of carbon foams are proposed:

- ERG [(novel material for whom little information is available]
- AllComp LD
- AllComp HD

For the AllComp there has been previous studies about radiation damage that may be used as reference for the current studies to be
performed.
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WRP?2 - Inner Barrel HIC

MPD - ITS

Simulations

Contact has been established with ALICE-ITS3 for participating on the IB simulations:

> First technical task has been established: "Implement an ITS3-like IB geometry for the MPD-ITS setup using the "realistic” pixel
size from ALICE”
* Pixel size = pixel Pitch = 15 um.

e Sensor thickness: 30 um.

> Bun the simulations for the entire setup IB+0OB+TPC for three consecutive goals:

e Hit generation.
 Cluster generation.
* Track reconstruction (Hyperons and D-mesons).
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WPJ - OQuter Barrel HIC (squeezed summary) MPD-ITS A\ TT A

WebApp

Resources Administration ©OHelp -~ mE -

Summary Info Settings Resources Organization Planning Accounting Reports

Components Raw Materials

> Construction Management information System: ~ Activities: Test Project JINR 1

Total Records: 3

* Uracle DB installed and configured at LIT

Start Activity
Date Status

23.12.2020 [61] OPEN I
23.12.2020/ 23.12.2020 [62] CLOSED [43]

ne e OK_SENT_FOR_PRODUCTION
17.12.2020 [61] OPEN I

CmisWebAPI

The following operations are supported. For a formal definition, please review the Service Description.

Activity Name Activity Type End Date Location

[61] DRW: Send DRW Unit for
production
[61] DRW: Jig drawing JIGDRW T090.000.185 [ [61] DRW: Send DRW Unit for
Beam production

[41] 123 [41] Test

[62] Another test

* Test and Production sites already deployed

Activity Result &
1
1
1

e System tuning In progress
y g in prog AP

e ActivityAttachmentCreate

- e ActivityAttachmentRemove
Additionally . ActivityChange

o ActivityComponentAssign

* A functional BM@N project started to implemented for: + ActivityComponentRemove

e ActivityCreate

- Detector production/test data * ActivityMemberAssign

e ActivityMemberChange

. . “de“t\\‘ "“\ e ActivityMemberRemove
- I\/l e C h a n I Ca I d PaWI n g S . -\“depe e ActivityParameterChange
ectS
\‘_;‘p\e p“O‘ o ActivityParameterCreate
tv mu — o ActivityParameterRemove

- Technical documentation 0S
\t ma\'l h e ActivityRead
e ActivityReadOne

e ActivityTypeRead

e ActivityTypeReadAll

e ActivityUriChange

e ActivityUriCreate
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MPD - ITS

PAD Chips
>MAPS PAD-Chips:

» 20 wafers (46 chips each) and trays already received from CERN.
e 5 of them sent to CCNU for training.

> FPC production:
* First batch (399 pcs) Blank FPC produced by SwissPCB arrived at JINR.
* Metrology test performed by "Modus37/” in Bologna, Italy (90% detector-grade yield).

* Cross-Cable Soldering and FPCs Test Stations ready.
» Second batch of 440 FPCs in the process of contract.

Cross-Cable Soldering station FPC Electrical Test Sation
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WP3 - Outer Barrel HIC (cont.} PD .- TS

> OBHIC production area being set up in the clean room ISOB6.
ALICIA-8@CleanRoom

- To be reconflgured to OB

Delvotec@CleanBoom

- A dedicated one about to arrive

(D L i
| ﬂ?(t wci,f'g ‘o\“% 'A\Cej‘ feb/'}ﬁ?

b e d Cuie o G
: 2 Kloyer g
1 > Todiaws -
N\( : mh(f«r‘\
¥ SJ Loganl Clowed- "\€>
I - ol (1
N A Jechmk (42“&":

l‘ |\
QW ef | NUCLEUS — 2021 - 2021.09.22 | César Ceballos Sanchez
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MPD - ITS

- HIC testing

chmrea p—

Peel test station

Visual inspection Station

MOSAIC boards Power boards (7]

Qualification and Endurance test boxes (*JPower Boards BoB to be produced Fu test station
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MPD - ITS

Mitutoyo CMM waiting to be unboxed

- E ' e, e _ . L e

e T

B

e .. Stave Assembly and testing f

i1 X
L e e e st —
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WP5 /6 - Mechanics & Cooling Design/Production

MPD - ITS

>Design, Producel”) and Assembly all parts for:
e MPD-ITS Mechanics and Cooling

e MPD-ITS integrations with the beam pipe, the TPC and the FFD

Cold Plates: \Water-cooled large-area (30 mm x 12302 mm)] for dissipating a total of
20V each with a power density of 40m\W /cm= [CERN technology).

Task: To produce Cold Plates with a similar performance as the ones form CERN but using only “civilian-
grade " materials instead of the double-use prepreg k13d2u included on the original design.

A new version of the CP was produced substitution the prepreg k13d2u to MJ935 and adding an
additional layer of carbon paper, with a planar high-thermal conductivity rated to 12500 W /[m*K] .

CERN . JINR (2 layered)
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MPD - ITS
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WP5 /6 - Mechanics & Cooling Design/Production

MPD - ITS
- NICA

oof

wgr*= " Tntegration

ITS Technical sections

ITS Detector section
Beam pipe

ITS Service sections
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WP5 /6 - Mechanics & Cooling Design/Production

MPD - ITS

Integration

#

‘ mf"—!“‘, CESSTETNEESE. 2 SENSENERY;. \ A S2% S0UNN |\ WEEEEA 7% .\ WSSESESeusT. \ MESEEE 222 [ \ Nesesessesey | i
mmm‘m’m‘m’m‘m‘m’ 5
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=

E
TPC
2.5 MM TPCscreen. 20 MM
E ‘ *
‘ﬁ’ ) - y Y = ("
495 mm 203 mm | _ | Vacuum Pipe 500 mm 2802 mm
Y ] - L
ITS technical barrel ITS service barrel ITS detector barrel
A ] .
y
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WP5 /6 - Mechanics & Cooling Design/Production

MPD - ITS

Integration

g\
ef\’ﬁ 9“090 . - . ]
curt ain installation steps:

4 Installation of the container (ITS+FFD+Pipe) to TPC;
4 Fix of central section clamp;

M Bemove technical section case.
FFD ITS

w)

. = e = \ A i
A} Uy = AL 4
TN g =W oxs |
& -, i ‘.I 3 -LL
. Vo
~ ALl dE o
TR 7:!. __'
\4

—

Beam pipe

TPC Chamber
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WP5 /6 - Mechanics & Cooling Design/Production

MPD - ITS NICA
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WP5 /6 - Mechanics & Cooling Design/Production

MPD - ITS

Complex metallic jigs for producing central detector cases produced by “Euromec s.r.l.” ([Modena, Italy]

* Complex structures

 Composed by many substructures
* Produced with high accuracy NUCLEUS — 2021 - 2021.09.22 | César Ceballos Sanchez 35



WP7/ /8 - Readout electronics Design/Production

Details at:

MPD - ITS NICA

https://indico.jinr.ru/event/ 1909/ contributions/ 11787 /attachments/9278/14813/Readout%20Electronics%20Design%20for%20ITS%200f%20MPD%20in%20NICA%202021-02-08.pdf

General structure of the MPD-ITS readout system

“\CP*‘“S N , Power Supply
uter arre « Power Unit (PU)
- — 77 SV

!

Config. & | Flas + Flash || mrot o
SEUProt. | FPGA | | 2" | Clock = Power
, | FPGA (Xilinx
v control UltraScale )
< > Trigger
ol clock GBT optic—4—188
< ALPIDE | Transceiver >
] Interface Interface . Data (Ch. No. 1-10)
1 stave: 2*7modules 28 X0.4Gbps Circuits Logi GBT fp  OFF | -
gIc Transceiver _
(14 ALPIDE sensors/module) Data (Ch. No. 11-20) CRU
Optic
0 N L=
Central L Transceiver | | DAta (Ch. No. 21-28)
____________________ Control + DCS data
Logic
GBT Links (payload data rate: 3.2 Gbps)
Readout Unit (RU)
X42

> A cluster of Readout Units (RUs) will control, trigger and read each single sensor in the detector.

> The RUs receives control commands and delivers data directly from/to the CRU, via the MPD implementation of the CERN Versatile Link.
> To maximize modularity, a single RU design will serve the whole detector.

GBTx ASICS can not be imported neither to Russia nor to China (!}
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WP7/ /8 - Readout electronics Design/Production

MPD - ITS (NTCA)

MPD-ITS RU design solutions.

FPGA-based ASIC-based
________________________ ' . _ ¢noe ASICS
SEU Flash Flash ! ] ! | | Sanct|0ns fre e
Prot. [ FPGA [¥| Mem. | | Clock || Power | - Power e
| [ | | |
i Lo - ' Link 0~6 Data |_4> NICAROC Lo |
____________ Clock < 1# NICA-GBTx Optic GBT link (Control)
i E FPGA (Xilinx UltraScale ) Conlig 41— 14 Transcever GBT link (Data)
| | | GBT link 3.2 Gbps 3.2Gbps
contro ! ! — Optic (Upstream: Data, ch1-10; Link 7~13 Data [~
S ) ::> NICA-ROC
clock i E ALPIDE core | €| Transceiver [€] Downstream: Trigger from Clock « 28
! ! . Trigger unit) Control < > Obti
< I ' i i NICA-GBT ptic .
| In!:erf?ce | Interface Logic aot | [ [ optic 1 | | curink(Data, ch11-20) R GBIyl OPte GBT link (Data)
| Circuits | core Transceiver 3.2Gbps
28X 0.4Gbps (8b10b)> ! ! 3.2 Gbps Link 1420 Dat E:>
. | l GBT Opti . ink 14~20 Data NICA-ROC
copper links i | o | Transpc:;ver «—+—> GBT link (Data, ch21-28 + DCS) Clock "
| '| | Central Control Logic 3:2 Gbps Control ¢f— . GBT link (Trigger)
| | Link 20~27 | itk P Y L e HngE
L] l , 34 Transceiver | GBT link (Data)
Link 21~27 Data E :> NICA-ROC 3.26bp$
Clock an
. Control «4—»
Readout Unit (RU :
(RU) Readout Unit (RU)

> NICA_ROC: Concentrates the output data of front-end MAPS chips and transfer the packaged data to the following NICA_GBTx ASIC. It also receives control commands,
clocks, and trigger signals from the backend and distributes them to MAPS chips.
> NICA_GBTx: A high-speed bidirectional data interface ASIC for optical links.
* |t receives multichannel data from the front-end [NICA_ROC], performs scrambling, encoding, frame building and serializing as the main function for the up-link direction.

* It receives high-speed serial data from the back-end, performs CDR [Clock and Data Recovery), deserializing, decoding and distributing to the front-end as the main function
for the down-link direction.
> NICA_LD (Laser Driver) and NICA_TIA [(Transimpedance Amplifier): Are two analog ASICs that would be integrated together with the laser and PD (Pin Diode] in the
customized optical transceiver module.

* NICA_LD receives the high-speed up-link serial data from NICA_GBTx and amplifies the signal to driver the laser.
* NICA_TIA receives the down-link serial signal from the pin diode, and amplifies the signal to NICA_GBTX, so that the data can be furthered processed in NICA_GBTx. These

four ASICs will be introduced in the following sections. , ,
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WP7/ /8 - Readout electronics Design/Production

MPD - ITS

Structure of the power system of MIPD-ITS

- PB 42
> g2 A
PB 1
y A
Stave 42 CAEN
Y Power
v Stave 2 RZ42 System
Stave 1 < >
- y RU2
- RU 1
- o - | - o
Power and Monitoring Control and Monitoring Data and Configuration

> The PU supplies 1.8 V positive power, as well as negative power used as bias for the staves.

> In addition to supplying power to the staves, the PU is also controlled by RU through the serial interface to implement the following functions:
» Separate enabling of power channels and bias channels.
* Adjusting the power supply voltage separately.
* Adjusting the bias voltage in one PU.
e Over current protection with adjustable threshold on each power channel.
e Overheat protection on each PU.
* Monitoring of voltage, current and temperature.
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WP7/ /8 - Readout electronics Design/Production

MPD - ITS

MPD-ITS Test bench based on KCU105 and FMC to MAPS board

|-

Kintex Ultrascale development KIT(KCU1039]

FMIC to MAPS interface

The MPD-ITS test bench will be use to test several aspects of readout development:
> Test the FPGA implementation of the GBT protocol.

> Test the FPGA-GBTXx interface.

> Try different connection schemes to ITS sensors / modules.

> Try different clock schemes.

> Try different interfaces for CRUs.

> Provide readings for modules and sensors during production and testing.

> Provides easy reading and control to and from a PC.

MAPS carrier board
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WPS - DCS

MPD - ITS NICA

> Low voltage power system:
* All CAEN modules already arrived.

> SCADA:
* JACOB framework for WIinCC OA obtained from CERN.
* Introductory seminar already performed by CERN specialist for JINR.

* Free-trial licenses obtained for WIinCC OA from Siemes.
* 5 WiInCC OA user licenses to be bought by MPD-TS for NICA).

(*JIncluding TPC, Accelerator and Cryogenics

> Contact has been established with CERN DCS development group and they offered:

* The participation of JINR-designated personnel on their official training sessions.
* The inclusion on their work group at CERN of a JINR-designated person for a training period of about 6 months.
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WP11 - Services

MPD - ITS (NiCAD

> Ongoing studies being performed by the Services group at JINR including:

e Cabling.
* Air cooling simulations.
* Integration with the TPC and the rest of the MPD.

>MPD-ITS is also supporting for the MPD to address :

° - ' d Ecal
ne leak-less water cooling plant setusr_\)m“arw roeded by TPC 2N ES__

* The dry gas cooling system.

* The beam pipe production and setup.
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MPD - ITS

SCADA Engineer - WinCC OA for NICA Facility (3 positions)

Position: Physicist/Engineer specialist in Automated Contrel Systems.

>There is a lack of expertise in some key aspects of the projects like:
Qualification: Higher Technical Education, University of Applied Science= or
PY DCS [position Offer‘Ed] Technical Ln;vor51:y.

Nature of work: SCADA systems development for projects of
accelerator complex (for detaills see: nica.jinr.ru/prigs
term employment contract for 34 years. g

Working day duration: 8 hours.

- 'y

A;;’ Professional qualification: Higher education. At g £ 'yéars of experience in
engineering of SCADA (preferably WinCC) systems. "WSwledge of SCADA/HMI and/or
PLC and DB. Experience 1in communication Protocols of Siemens, TCP/IP, OPC-
DA/UA. Knowledge of programming languages (C, C++, VBA). Basic knowledge

httpS//lhepjlnPPU/InfDPmatIDn/pDSItIDnS-and-VacanCIES/ regarding L‘f:arbasc Management eg: MSSQL, MySQL, ORACLE. Experience in unit

testing of SCADA Developing & maintaining tools and procedures for engineering
& testing SCADA. Troubleshooting skills.

LHEP Additional requirements: Great commitment and willingness to learn. Willingness

tth . to travel (worldwide). Great technical understanding, good analytical skills

VekS|erand Baldln and precise, independent and structured way of working. Skills to analize

LABORATORY OF HlGH ENERGY PHYS'CS problems in this area, propose solutions and make strategic decisions on the
development of the system. Ability to work in a team and willingness to be the
team leader. Functional communication level of English.

ABOUT LABORATORY STRUCTURE INEORMATION CYSAS OUR ACTIVITIES JOBS Offer: Candidates will be employed by the Joint Institute for Nuclear Research

as middle/senior Engineers. They will receive a 3-year contract with a salary
ranging from 120’000 to 200’000 Rub per month plus employee benefits including
LHEP > Information > Positions and Vacancies medical insurance for the employee and his/her family members, depending on the
experience of the candidate and the need for his/her specific expertise for the
team.

Positions and Vacancies

SCADA Engineer — WIinCC OA for NICA Facility

Application: Qualified applicants are encouraged to apply until July 1, 2021.

The application shall include:
¢ Curriculum wvitae
e Description of the latest activities on a relevant field
¢ Letter of recommendation from at least one referee.

All gualified indiwviduals are encouraged toc apply without regard to age,
gender or natiocnal origin.

For further information, please contact Yuri Murin:

murin@jinr.ru (Tel: +007 903 291 21 94)
e
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Mayor Goals 2021 /2022

MPD - ITS (NICA)

> Setup the readout test bench (end of 2021).
> Setup the full HIC assembly line and produce the first mockups (2021 /1st Qt 2022)
> Produce all supporting/integration mechanics and dry-trial the integration procedure including beam pipe imitator,

realistic FFD imitator and TPC bore imitator (2022).
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MPD - ITS

Thank you.
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