TPC:
- vessel assembly, ROC chambers
Sub-systems:
- Gating grid system
- Electronics
« LV+HV system (CAEN)
- Gas system
- Cooling system
- Laser calibration system
- Slow control
Integration of TPC to MPD
- Electronics platform
- Cabling and piping
- Installation TPC to MPD

Time schedule

TPC team - 29 (JINR) + 20 (Belarus)
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ltem Dimension

MPD TPC MAIN PARAMETERS Length of the TPC 2200m

Outer radius of vessel 140cm

Inner radius of vessel 27 cm

Outer radius of the drift 133em

volume

Inner radius of the drift

34cm

volume

Length of the drift volume

170cm (of each half)

HV electrode

Membrane at the center of the TPC

Electric field strength ~140V/cm,;

Magnetic field strength 0.5 Tesla

Drift gas 90% Ar+10% Methane, Atmospheric pres. + 2 mbar
Gas amplification factor ~ 104

Drift velocity 5.45 cm/ps;

Drift time <30ps;

Temperature stability <0.5°C

Number of readout

24 (12 per each end-plate)

suppression

chambers

Segmentation in ¢ 30°

Pad size 5x12mm? and 5x18mm?2
Number of pads 95232

Pad raw numbers 53

Pad numbers after zero < 10%

Maximal event rate

<7 kHz (Lum. 10?7)

Electronics shaping time

~180 ns (FWHM)

Signal-to-noise ratio 30:1
Signal dynamical range 10 bits
Sampling rate 10 MHz

Sampling depth

310 time buckets




MPD TPC RADIATION LENGTH (BASE LINE OPTION)

TPC radiaton length
for w= | for g = 184 n=1.14 far for w = 206
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4. Al frame b=5 mm & ROC reinforce rib + ROC 6.54-051 |8 17 722+ 100 §.75+0.94 - Al chamber frame
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6. Comnectors + salder 0.34 042 038 0.33 . :
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TPC VESSEL ASSEMBLING: RODs D=40 MM WITH FIELD CAGE STRIPS

Field cage HV strips
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All 24 pc RODs D=40 mm are installed
HV tested at -25 kV




TPC ROC CHAMBERS
Test setup for ROC certification Test setup for pads calibration Check pads geometry

systematic - up to
150 mkm

Leica MS60 - 1 second resolution
Leica AT960 +/-10 mkm +5 mkm/m
Leica AT403 +/-15 mkm +6 mkm/m
Scanner AS1+AT960 +/-50 mkm

Pad plane unflatness: example

0350

+/- 30 mkm o Wexsorre.

Summary:
- measurements to do for all ROCs

- mapping of 3968 pads respect to ROC
“reference hole” for each chamber
- in progress

24 pc serial ROCs + 4

spare — READY!




TPC SUB-SYSTEMS: GATING GRID SYSTEM (GGS)

ROC gating grid system: test setup TPC Gating grid system

4 pc NIM ‘

crates

Rise time - 1 mksec
Fall time — 2 mksec

faveForm from runs/385/raw/s
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Gate cross-talk is about 1,5 microsec + test signal (500 nanosec)

System long term test at Minsk — ongoing ...
3 modules (from 24) died and were repared
SC software — in progress...




TPC/MPD DAQ conceptual scheme

On the TPC (inside the MPD magnet)

Optical links
40Gbps x 12

LDC computers with
installed DCU cards

S ' Optical links E “ | |—‘

T TPC/MPD data acquisition system main parts ‘—MPB-—

Front-End-Cards (FEC): 1488 pc., 95232 10- Readout and Control Units (RCU): 24 pc. in total
bit ADCs in total ) )

Data Concentrator Units
(DCU): 6 pc. in total

Local Data Concentrator (LDC)
servers: 6 pc. in total




TPC SUB-SYSTEMS: ELECTRONICS
Readout and Control Unit (RCU) Front-End Cards (FEC) FEE synchronization modules

Reserve FECs:
29 pc. - 2%

PSPPSR, S AP, | S SS——
After RCU v.1.1 testing small RCUwv.1.1
corrections have been done
and new one is under
production now.

FECs tobe ;
tested:
363 pc.

RCU v.1.2

Fanout 2x8 and translation to the optical signals.
Will be installed on the MPD platform.

TPC Front-End Cards
Production status

One ROC fanout module. Will be installed on the
ROC (inside MPD magnet). On production now.

TPC Front-End Cards
Testing status
April, 2025

GUI software for ROC FEE control and monitoring

All is more-less OK!



TPC SUB-SYSTEMS: LV+HV (CAEN)

CONTROL ROOM

T S — LV&HYV system based on CAEN rad. hard design:
SSeviSma #15 /

i i (up to 2000 Gauss and 15 kRad)

it - power converters A3486 AC/DC (380V ->48V) —15+3 pc —-——1"' i
— - EASY3000 crates - 14+2 pc a
- LV module - A3100B (8V/100A) - 48+8 pc : |

- LV module - A3100HBP (14V/50A) - 6+2pc
| - HV modules ~A3540P (+4kV/1mA) - 8+3pc
5 | - HV modules —A3540N (- 4kV/1mA) - 2+2pc
; | AR Comens | Hntemae Status:
5 ) LV+HV system - delivered
5 oo s W LV cables (halogen free, low smoke, S=50 mm2 )- delivered
| i T~ HV cables — delivered
s T
| e, L
| .'""M"" 3 ” : 8 LV test setup —
g mmemm, || TRR ST S " tests ongoing
: | Vs \ NS ‘
e - o 3 ?\/ Ny 3

:
CA
RS

CAEN installation — a waiting
CT:::‘\S: :)dnles 60pc - Cablin gl
delivered in September 2023 The rmometry (~300) — May

LV power (~120) — June-July

[

% !/ a# Rl Ready for installation to MPD:
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—
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LV EM shielding




TPC SUB-SYSTEMS: LV INTEGRATION

FE cards
synchronization
module

A

\ g




Gas system (Ar/CH4, 90:10)

TPC volume
imitator

H20 and O2 sensors are replaced

Tests - in progress

TPC SUB-SYSTEMS: GAS

Water cooling system

Outer thermal ’ ,7 Resistor rods cooling
screen

Front End Cards cooling

L\ inner thermal
screen

Cover cooling

Temperature
Sensor

Heater

Heat Exchanger

~——

vivo X50 Pro
11 anp. 2025 r, 09:20

Full set of panels —
delivered

7

/A A&

- TPC+ECAL cooling system
1-st, 2-nd and 3-d floors of
the South platform

Contract JINR-INP BSU (Minsk)



TPC SUB-SYSTEMS: COOLING

sembllng — in progress Piping - done

Connection to KOMETA
cooling system -ready

vivo X50 Pro
1 anp. 2025 1, OB:56

/ Assembling and cabling — in progress...

Status and plans - see also talk of A.Fedotov



TPC SUB-SYSTEMS: LASER CALIBRATION SYSTEM

Test set up with UV laser 7 beams

Video camera TRl 4l Check of beam size -
(MEPHI) | | E about 1 mm

\\ |

% = TR L ey
o ——

BREERREERRRARTET REmmmmSEsTE
B=m==

vivo X50 Pro

g R k| ;m "%]i

vivo XS0 Pro
10 anz 2028 1, 1119




TPC SUB-SYSTEMS: LASER CALIBRATION SYSTEM

Tube #7

Group
#3

41 \ Group

N #4

Group
_ — #2 \
| o s : Beam #3
s DY i N | Beam #4
R = N |

Beam #5

i

N

\

Test of 6 rods - in progress ...

vivo X50 Pro
10 anp. 2025 r., 16:10 -




TPC SUB-SYSTEMS: SLOW CONTROL

Main window of LV+HV GUI based on MasterScada 4D

CAEN LV test setup

HV LV
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o DATA transfer from MasterScada 4D

in progress ...
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TPC SUB-SYSTEMS: SLOW CONTROL

GUI for cooling system Connection with MPD DCS
(DIM protocol) LV+HV
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in progress ...
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INTEGRATION: “ELECTRONICS” PLATFORM (NORTH)

Common view TPC equipment

i
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Integration — in progress ...



TPC piping (water)

TPC CABLING AND PIPING

Structures for
cables and pipes

Integration ...
fixation

7 QY iy
Q) ,/,l//ll,{ﬂ/
.,,“1 -
AR lE

~/

s o

Piping and cabling - in progress ...

Structure design - done e prts ~
in manufacture



0.41 mm

max=

Nov 01-Nov 23 2025

Tooling for installation TPC to MPD tested and delivered to JINR
TPC installation to MPD —

Liftm platform
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TPC sub-systems status:

TPC vessel assembling
ROC chambers (24+6 spare)
FE electronics

R/O controller v1.2

Gating grid system

HV+LV systems (CAEN)
Gas system

Cooling system on TPC
TPC+ECAL cooling system
Laser system

Slow control system

TPC schedule:

TPC:

TPC vessel assembled and tested

ROC chambers installation

TPC tests (with laser tracks and cosmic ray)
TPC rails and installation tooling

Rails installation to ECAL support structure

Tooling for installation TPC to MPD delivered
TPC+ECAL cooling systems (INP BSU, Minsk):

Delivery to JINR

Systems assembling and start up

Commissioning
TPC installation to MPD
Cabling

MPD commissioning

in progress

ready

100% manufactured (1488 FECs)

Test with ROC chamber — will be started soon

ready, long term test at Minsk in progress

ready for start installation to MPD TPC racks on Electronics platform

ready, waiting of gas piping at MPD building

in progress (all radiators and thermal sheets ready, TPC collectors manufacture - contracted)

In progress (piping-done, cabling - in progress, assembling of automatics, software ...)

in progress (8 TPC rods with mirrors assembled, integration to MPD - started)

in progress (LV +HV sub-systems based on OPS + MasterScada 4D ready, SC for rest TPC
sub-systems — started)

June 15 2025
July-August 2025
Sept-Oct 2025

done (01/08/2024)
end of 2024

done (Sept 30 2024)

start up — May 30 (3 water vessels and 3 pump modules are installed and tested (Dec 2024))
June - Dec 2025

Nov 01 - Nov 23 2025

June 22 — Nov 30 2025

Dec 2025

//'




RISK:

TPC skeleton final geometry measurement (laser tracker or 3D scanner)
Laser system — measurement geometry of 1 mm beams inside TPC
Laser beam splitters - prisms and mirrors adjustment

TPC vessel - gas leak check and reparation

TPC + ROC:s - gas leak check and reparation

FE electronics installation and tests (noise and generation)

TPC tests

Move TPC to MPD hall

Test TPC at MPD hall

Installation TPC to MPD

TPC adjustment (magnetic lines and TPC E field axis align)
Alignment TPC inside MPD

Cabling and piping

TPC tests

TPC laser system: external mirrors adjustment




BELARUS CONTRIBUTION TO TPC

Mechanics («<ARTMASH» and “KRAINA” Minsk): BI'Y, HUUA SIII BI'Y, HUN ®wu3.-xum. npodaemM
- MPD mockup 1:5 BI'Y, 000 «Bucr rpynn cencop», YII
- TPC flanges (2 pc ) + HV electrode (1 pc) «APTMAILl», «<HIT KPAUHA», UHCTHTYT

- service wheel (2pc)

- FE cooling radiators (30 sets)
- LVVN9 cooling radiators (9 pc)
- tooling for installation TPC to MP: mockup 1:5 and serial
- TPC serial rails 6 meters (2 pc)

IHEPI€TUHKH ...

Afanasiev K.
Akulich V.V.
Bayev V.
Drapezo A.P.
Fedotov A.
Fedotova Yu.A.
Galkin Ya.
Haluza A.

Kunts A.
Lushachkin D. Many Thanks!!!!

Litomin A.
Losev A.
Savitskiy S.N.
Savitskiy S.S.
Senkevich V.
Shmanai E.
Tchekhovskiy V.
Yuhno Yu.M
Vaschilenko M.
Zur l.

Electronics (INP BSU):
- LVN9 stabilization module (48 pc)
- burning test setup for tests of FE electronics (1 pc)
- setup for test FE cards (1 pc)
- test of FE cards (600 pc) — in progress
- system for anode signal measurements (96ch) — in progress
- gate system for ROC chamber (24ch)

TPC + ECAL cooling system (INP BSU - full responsibility)
- cooling setup for tests (2 pc)
- 3 serial systems - in progress

R&D (INPBSU, ):
- ThGEM: tests and study

- DLC like protection coating from sparks for gas detectors

- DLC study: structures and long term stability

- metalize nuclear membrane like mesh for electrons and ions drift

sorry if anybody forgotten

MPD and SPD detectors grounding (Muctutyt Jnepreruku BAH)



TIME SCHEDULE




