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Presented by SergeWovchan

JINR team: 24 persons
Belarus: 6 persons
UW Poland:  4-6 persons
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Kopnye TPC/ MPD

Item Dimension
Length of the TPC 340cm
Outer radius of vessel 140cm
Inner radius of vessel 27 cm
Outer radius of the drift | 133cm
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

®naHey

(aniomuH1i)

Gas amplification factor | ~ 10

Drift velocity 5.45 cm/ Os;
Drift time < 300s;
Temperature stability <0.5C

Number of readout

24 (12 per each engblate)

Tpy6ku nopaeprkuBalowmne

c4 o9 Ana Field cage

UeHTpanbHbiit c2 c1

3nekTpoa

chambers

Segmentation indi 30A

Pad size 5x12mn? and 5x18mn?
Number of pads 95232

Pad raw numbers 53

Pad numbers after zero | < 10%

suppression

Maximal event rate

<7 kHz (Lum. 1G7)

TPC TDR T http://mpd.jinr.ru/wp -
content/uploads/2019/01/TpcTdcvO7.pdf

Electronics shaping time

~180 ns (FWHM)

S.Movchan MPD TPC status, Dubna, Russ

280ct20 October 28 2020

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

Sampling depth

310 time buckets
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ROC chamber: pad plane

ROC chamber assembly hall (Bld.40)

Connectivity

2 parts
P test

Last 8 serial pad planesconnectors soldering in progress

280ct20 S.Movchan MPD TPC status, Dubna, Russia, October 28 2020 3
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ROC chambersstatus

26 pc ROC frames- in stock ROC cleaning procedure ere pitch check set up
—— B

=B

16 pc ROCs-

280ct20 S.Movchan MPD TPC status, Dubna, Russia, October 28 2020 4
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ROC gate system(UW Poland)

Attenuation measurements

Impedance measurements

New power supplies

Power supply | 7

i

HSPY 1 —=— HSPY2 —s— HSPY3 e

=
§ us
2
3 U T T T
g 105
=
e T T TS T
95
8 0 10 11 12 13 14 15 16
October

o Left-hand side: switching power supplies, HSPY 200V, 3A (new ones)
— communication via R$232/ethernet established
— long-term stability tests ongoing

o Right-hand side: the very first results of the stability measurements
— small fluctuations observed, but in general they work stable

Z=445649 Ohm

Gating-grid modules borrowed form NA61/SHINE and ALICE

Set of modules
ready for tests
(like reference)

o Left hand side: pulsers and communication/control units borrowed form
NA61/SHINE and ALICE experiments at CERN
— similar design, standard and connections scheme will be used for MPD
gating-grid pulsers
— elements to start-up NA61/SHINE pulsers are collected. Operation test are
foreseen in close future.

o Right-hand side: linear power supplies, Zentro 60V or 75V, 1A, borrowed
from NA61/SHINE at CERN

— to be used for starting gating-grid pulsers from NA61/SHINE
— they quality stands for point of reference for new power supplies

280ct20

Generator Specification:

- Tektronix AFG 3252

- Bandwidth: 240 MHz

- Sampling rate: 2 GS/s
Oscilloscope specification:

- Tektronix DPO 4054

- Bandwidth: 500 MHz

- Sampling rate: 2.5 GS/s

o Generated signal: sine, 1 V,;,, 10 Hz - 200 MHz

o Measurement of generated signal amplitude, Ay, delivered via short cable
(50 cm, 50 Q)

o Measurement of attenuated signal amplitude, A, delivered via long cable
(100 m, ~48 Q)

Attenuation results - zoom to range of interest

&

o
o
9o,
8 0@ g
0 0o gg

Attenuation [dB]

-15
.
.
.
20 " .
.
.
.
.
25w measuredifor 100 mcable " .
O estimated for 25 m cable "
| | SR RS NN NN N NN N N NN S
0 1 2 3 4 5 6 7

10
f [MHz]

@ Blue point present expected attenuation for the cable with length of 25 m

Measurements and teststarted
S.Movchan MPD TPC status, Dubna, Russia, October 28 2020 5
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TPC assembly Bld.217) T common view

C1-C2 and C3C4 - glued
Gas leak testit NO leak

280ct20 S.Movchan MPD TPC status, Dubna, Russia, October 28 2020 6



TPC electronics requirements

Data rates:
- trigger mode I 20 GByte/sec(N=1000 tracks)

- continuous readout mode 300 GByte/sec

Particle fluencefor R=35 cm & 10 years (October 2019 update)

neutrons + protonsi 10**11 p/cm2 per year
e & e+ - 2x10**10 p/cm2 per year
lons - 10**5 p/cm2 per year

SAMPA v3nd tested at:

D ose. proton fluence - up fo N=10**12 per cm2
ion fluence -upfo N=10**7 percm2 & LET=(3-125) MeV cm2/mg

Expected dose 2 kRad per 10 years  rciip-5-85 degree =

SEL =1x10-7 cn2 for LET=16 MeV cmn2/mg

FPGA Cyclon V (technology -?@1): 28 nm)
TID —up fo 100 kRad, SEL <0.3 sec for LET=26.6 MeV cm2/mg

TID — ok!, SEL —no so good

280ct20 S.Movchan MPD TPC status, Dubna, Russia, October 28 2020 7



TPC electronics block diagram of one chamber readout

64 channels
from MWPC

copper
2.5 Gbps

in the detector

Ethernet

outside the detector

1 Gbps

SFPN
(optional)

RCU

Readout and Control Unit

SAMPA chip

Peaking time, Sensitivity and Polarity control

TR

MPD detector
control system

Optic
10 Gbps
Optic
10 Gbps
MPD DAQ
trigger
distributer
JuUuL
12C

RCU and
data concentrator
based on commercial kits

Readout and Control Unit(s)

A

| (0304

(E1) \\(02) ||
©n\\ (|
\ \ [

Mol CSA Shaper ] ADC Readout Chamber
) ~—
vaw=—] Bandgap| | Bias DSP 2 yooox
V750~ L C/Ji
. |.|=_.. = ; e
Mes ) csA *Shaper—— ADC Data Concentrator (1/2, 1 or 2 ROCs)
al ) S
Peaking time, Sensitivity and Polarity control
280ct20 S.Movchan MPD TPC status, Dubna, Russia, October 28 2020 8
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TPC electronics: FE cards

* The total number of registration channels: 64

SAMPA-0 ch1 baseline distribution

* Input signal dynam. range: 100 fC _ chibase
* ADC resolution: 10 bit 7o00F — Entmes 15900
* ENC: less than 1000e" E E";ﬂsﬂ 0 g; ﬁ
*  SAMPA chips configured and controlled via C -
FPGA 6000
* Readout serial interface: up to 2.5 Gbps el E 1ADCLSB=670¢e"
=, 5000
Top view (service side) % E
. 4000 i
L C
»Double-board FEC provides opportunities for E C Measurement was done
possible upgrade of the card readout. 2 3m0f e without connection with
~ Transfer of data and trigger signals was = = ROC
S > : : = F
realized with the same high-speed serial Z 2000
interface. E
# 16 values of currents, voltages and board 1000 C |
temperatures are controlled with ADC. F NN
» External circuit and embedded protection E | E N C = O . 8 ADC
2 2 - r e L L L L L L L 1 1 1 L L L
Sfunctionality against SEU are provided. ':}5 o0 [ o0 o5 50 O
» Remote system update for FEC firmware was Bottom view (ROC side) ADC val bit ( e)
Fs yaluc, Dils

provided.

FEC slow control data

FECE4 PCBs temperature vs time [C]

FECE4 voltages [mV]

2000

1900

1000

1340

1600

1500

1400

SAMPA chips (4500 pc)
delivered to JINR

1100|

SAMPAD Volsges [riv] SAMBAS Cumants [rma] SAMEA1 Uoliages [iv] SAMPA. Currants [mA]
. e -
[P R, ) SRS
o S L
S st [N SR,
0 oo IR i E e m w0 Wom oAb woW om0
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ROC+FECS tests
TPC electronics: RCU status

+  Comnector

Armia 10 FPGA for the FECs " ype— >
QSFP optical .‘ connectivity Elow S3tug Suctassd - Bt Sap 25 1 £ 4714 2000
cable for data and / PMC Ouamus PimeVerson Y 40 ik 64 12/04)2079 §C o Edtion
management : " connectorfor  feMsensene KuA® °
- Top-lowsd Extity Name 0T
Family Arw10
Device tMX“)k‘NSQ&G l
ot Timing Models rd
Lo uthzanon (m Al 30 R727200( 7%
Totd repstos 40!
Totad perm 253/960147 W) .
Tate wrnesl pirn [+
Tatsl block memory bits LI S04 [ 45002 24013 % |
Total RAM Bocks A58 )2 T3 (0%
Total USF Blochs 2)1518{< %)
Totad bS5 RX chanrels WIS
Total HSSI T charrwls 30) 2107 %)
! Toial PLLs 1) de(0m%) .
SFP+ . :
optics for The RCU firmware design compilation
anung 3-D model of the RCU flow summary.
S Vereschagin, JINR, Alushta- 2020
280ct20 S.Movchan MPD TPC status, Dubna, Russia, October 28 2020
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Intel 20nm FPGA Ama
10 was selected as a

base of data readout.

Embedded 72
transcelvers are
sufficient to implement
the RCU on a single
FPGA

ALMs and memory
resources allow
mmplementing all the
necessary data transfer
system algonthms

Excess FPGA
resources allow further
system improvement



TPC electronics: status and schedule

ROC+H+FECSs tests  Testing 512-channel system (FEC v1.0) finished Jan. 2019
N SN Testing 256-channel system (FEC v2.0) finished Feb. 2019 v/
’§ S Preproduction version FEC PCBs sent for fabrication Mar. 2019 v/
| S Half-ROC readout system base design finished Mar. 2019 v/
Recerve SAMPA V4 chips at Dubna Tul. 2019 V/
- 34 preproduction version FEC assembled and tested Nov. 2019 v/
I|# 32 preprod. version FEC imstalled on Pilot 2048 ch. Syst. ~ Dec. 2019 v
Instrumented Half ROC system testing Feb. 2020 done
Testing mstrumented ROC finished Apr. 2020 In progress

Production version FEC PCBs ready Jax—2020  Oct 2020

1) RCU '
] — Ist batch of prod. ver FEC (130 pes ) fabricated Jul. 2020
2]  FECsinstalled 2nd batch of prod. ver FEC (800 pes ) fabricated Sept. 2020 2021
on the ROC; 3rd batch of prod. ver FEC (800 pes ) fabricated Dec. 2020
3}  Triggersigna
E;Z:T'”" Test ROC with FECs (2048ch)in progress
’ Preproduction option FEC- manufactured
Serial FEC manufacture> 2021
280ct20 S.Movchan MPD TPC status, Dubna, Russia, October 28 2020 11



«
Taino92®

Data cohckbnAAdr AU AedukenO

65 nm CMOS process, Mixed-Signal, Low Power
Bi-directional interface, readout from 2 SAMPA chips (2.56 Gb/s speed, trigger mode, rad-tolerant)

Hb_trg[0-1 TECHNOLOGY |  MS/RF |
_trg[0:1] |
Ev_trg[0:1] >| Geometry 65 nm
Bx_trg [0:1] 'H‘! | Device Application  Low Power
SEEE LA | Core Voltage (V) 1.2V
ol I/0 Voltage (V) 2.5V
Haddr[0:4] = | Poly Layers 1
pl datain0[0:3] E : Metal Layers (Max) 9
9% datain1[0:3] - | Data interface
32 Detectors | 2 .56 Gbit/s
m ¥
=
|
ey
S clk GBT[0:1] |
—1 clk serial[0:1]
—M clk ADC[0:1]
|
________ |
o |
|
______ i
— Status:
32 Detectors SIZE- 2*2 mm2
N of prototypesi 100pcs

Packaging- CPGA120 case

| Delivery 1 4-5 months
‘Movchan MPD T@[alus, ubnEEUropractice:
(boardy RUSSIA, Oc:tolbeELK8 2020 deadline- 18/11/2(20

(board)




(NICA)

Development of data
concentration method and its
implementation in
radiation-tolerant CMOS ASIC

Eduard ATKIN, evatkin@mephi.ru

for more info
see next talk =>

e The project is supported by RFBR

FOR BASIC grant no. 18-02-40093
RFBR BESRARED (headed by V. Samsonov)

S.Movchan MPD TPC status, Dubna,
280ct20 Russia, October 28 2020 13




TPC LV +HV system

LV&HVsystem based on CAEN rad. hard design:
(up to 2000 Gauss and 1&Rad) | ‘
- power converters A3486 AC/DC (380 V> 48 V)i 13 pc | W= | @@=

- EASY3000 crates i 12pc || PP PP
- LV module - A3100B (267V/100A) i 55 pc || =¥ | M= o7 |
Status ol =
- test systerii delivery Nov 2020 (_———
- TPC LV+HV systenPart 1 (from 3)i ordered ﬁ:'““.f“ B0

LV cables (halogen free, low smoke):
S=50 mm2i deliveredto JINR (Dec 2019)
S=120 mm2Z deliveredto JINR (Dec 2019)
HV cables- ordered

LVDB boards (60 pc)- delivered |
INP BSU (Minsk) LALAAEEAG
Team for cabling and pipingi contracted

280ct20 S.Movchan MPD TPC status, Dubna, Russia, October 28 2020 14
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TPC gassystem

e

TPC volume
Imitator

Gas supply

Commissioning-
INn progress

Status- commissioned(BIld.217)

280ct20 S.Movchan MPD TPC status, Dubna, Russia, October 28 2020 15



Outer thermal -
screen

~ Resistor rods cooling

inner thermal
screen

TPC gas volume AT<0.1°C

Cover cooling "X Bus bar cooling

Barrel part T shorter and fixed
to TPC instead TOF structure
280ct20 S.Movchan MPD TPC status, Dubna, Russia, October 28 2020 16
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TPC: FE cooling prototype™ 3 (INP BSU Minsk)
combination of proto 1+ proto 2

Bottom cooling plates

Set of top cooling plates

U1

"TEH Cutube Din  -3.36
II Ii Ei{“ “@!ﬂ Pll;:ltgs ?hicll?ness (4+4)r33md3

280ct20 S.Movchan MPD TPC status, Dubna, Russia, October 28 2020 17
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TPC: FE cooling prototype™ 3 (INP BSU Minsk)
combination of proto 1+ proto 2

e —— . — T Test conditions:
FE imitators — 62 pc
Thermopads — 2 types
P OWG r Oﬂ:/ O n Total power — 300 W
Input water - T=+15 degree
Water flow — 0.22 /'min per sub-loop
Time of T stabilization — about 1 h

Wi, e

PCE temperature:
SAMPA boards - T= 20.3 degree

—s—Tepmonapsl BoAa BXog
FPGA bhoards - T= 28.0 degree

§ —s—Tepmonapbl 8043 BbIXOS,
20
fﬂ;. —*-Tepmonapsl 803ayx el T chip == 80 degree (from simulation)
s 15 Tepmonapel Papuartop sepxl
= 10 —+—Tepmonapel Paguatop eepx2
—+—Tepmonapel Paguatop HU3 Measurements
3 —a— laTuuum FPGA .
- 1l Progress
0 —a—[aTunHKn SAMPA
0 100 200 300 400
Bpema, MUHYT Start test with real FE cards
at Dubna — December 2020
Preproduction option T in manufacture
280ct20 S.Movchan MPD TPC status, Dubna, Russia, October 28 2020 18
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TPC cooling system: prototype and software

MpoToTUN cUCTeMbl TeMNepaTypHoii ctabunmsaumu.

R e s L] Cucrema ynpasneHus.

Tango Control System

Ethernet

g@ Onepatop
ﬁ Tango cepsep

:

I
I
=

Mpeumywecteo SCADA Tango:
* MNpoaykT 6ecnnatHbIi, C OTKPLITEIM
MCXOAHBIM KOAOM;
* MynbTM-nnaThopMeHHanA cucTeMa
(Windows, Linux);
* fABnAETCA OAHMM U3 CTAHOAAPTOB 4/1A
OpraHu3aLMK CUCTEeM YNPaBIEHUA;
* UmeeT pa3suTyio MHbpacTpyKTypY;

ModbusDS: SimpleArchiver:
Moayne ana
Moy afimeHa APRHBIALIM JFHHBR

JaHHBMM ¢ TUTK B MySOL

Sim pleExtractor:
M

Pesepeyap hittp{s) 3an,

Ethernet + Xopowo oTnameHa;
| nnkx2ocp1586 | - HapesHa 8 pabore;
Mpeumywecrsa MK, i @ * AKTMBHO pa3BuMBaeTCH;
* ABTOMaTW3WPOBAHHAA CUCTEMA YNPABNEHMA o % * YnobHa B MCNONb30BaHWM;

TexHONOrMYecHUMK npoueccamu (ACY TM) APROL. nK

Undposoi _“—
perynaTop 2
MOLWHOCTH

MySaL Bef-repaep OnepaTop

Datumk
TeMNEpaTYPL
‘ Pt100

JEL] Momna

280ct20

* BubnuoTtexa asTomaTtuzaumm npouecca PAL.
(Process Automation Library)
* Bonbwan BrubanoTeka paznuuHbIX aropuTMos

MWL perynaumu.

WEB mnTepdeiic onepatopa

* MopgynbHan cucTema Bsoaa/BbIBOAA U (Amoche) WEB MH'repd)eﬁc.
YNpasaeHua. *KpoccnnatdhopmMeHHOCTb.

*  MacwrabupyemocTs.

* HagemHocTb.

NepcoHasbHOM KOMMbIOTEPE MAK Ha MoBuAbHOM
YCTpONCTBE;

*CoBpemeHHble Bpaysepsl u pazsuTeie JavaScript
6MBNMOTERM AAIOT BO3MOMKHOCTb CO3AaHWUA
yoo6HOro M COBPEMEHHOTO NPUIOKEHWA;

*MomeT 6biITb 3anylieHo Tpebyemoe KonuMyecTso
3K3eMNAAPOB KAMEHTCKOrO NPUAOHKEHWA Ha pasHbIX
KOMMNbIOTEPaX MM Ha BKNagkax bpaysepa;

LR ]
== "
e *ApanTtauua uHTepdeiicos ona oTobpameHusa Ha
==

KAMeHTCHan YacTh BeINOAHEHE B BUAS OOHOCTPAHWYHOTO BEG'I’IDI’U’IDH{EH“Q.

Start of prototype testsi Dec 2020

S.Movchan MPD TPC status, Dubna, Russia, October 28 2020 19
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TPC laser calibration system: laser beams layout

micro-mirror
bundles
W lﬂgg
Laser Aplaneso -4
Micro -mirrors bundles per plane - 4 laser beams Iayoui' N
Beams from micro-mirrors bundle - 7 fixed
Laser AtNrackso, -224
280ct20 S.Movchan MPD TPC status, Dubna, Russia, October 28 2020 20
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Optical table schemes

1000 mm

A

uvi

L, L

ppamm— agptical fable

= mEp

1000 mm

A

ot

2 —b—(:l:]g
\
=’ opfical fable

5 B

!

Aoptic table (2 pc)- delivered
Aoptical components (2 sets) ordering in progress
Ashort periscope (2 pc) ordering in progress

28’0Ct20 S.MOVCh&ll IVII L7 11 Ww OlULUY,; LUNIIW, 1\UooIU,, vVuLlUvLl LV LIV o L
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TPC laser calibration system

Semi transparent mirror & prism

delivered

g1 commissione
Alaser beam splitteri re4dy to installation
Alaser beam monitors” - prototype under tests
280ct20 S.Movchan MPD TPC status, Dubna, Russia, October 28 2020 22




Optimization - in progress

280ct20 S.Movchan MPD TPC status, Dubna, Russia, October 28 2020 23
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Integration TPC to MPD

TPC moving from clean room to MPD
Bld. 217

OB B Ans nepeeoda demexmopa TRC Ha MPaHCTIOPMHYI0 MENSXKY, B l d - 2 0 5
HOOOXOOUMO COBMECITIUME HEMPABNRICUUB NPUCTIOCOENEHUR C

HanpaenscuuMy menesxy, JnR 3Mosc uCnameIyomeca Jaxnadnme 8

MOPUSICd YASTTI HANPARTAO LU

To MPD hall

280ct20 S.Movchan MPD TPC status, Dubna, Russia, October 28 2020 24
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Integration TPC to MPD: concept

000000

280ct20 S.Movchan MPD TPC status, Dubna, Russia, October 28 2020 25
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I I I Time line of the MPD Assembling and Commissioning

2020 2021 2022 2023
item ma{apr| ma| jun|jul iudsealoctlnn\lca.Jinlre:lﬂilapr maljun| jul |augsep| oct| noy dedjan |feb| malapr| mal jun | ju |augsedoct| no ded jan | f25| ma| ape
1[MPD Hall Readiness e
2 |[Magnet Yoke assembling =
SC e u e 3 |Solenoid transportation =T The Magnet is re¢ady
4 |Solenoid& Y oke assembling
5 |Cryogenics Infrastr Solenoid
6 |[Magnetic Field measurem {——
7|Support Frame installtion -
—— _ o B ] 8|Installation Ecal - Finish of Integratio
O H ¥y - | 7 Timeline-MPD+27_10_2020_details2 v | 9|Installation TOF ] n
ul C . . o . 5 10 Installation of TPC =t
— NagHan CTaEKa AIMETKA CTPAHMLIEL 0P MYNE JaHHble 2L EHIMPOEAHNE na 11 Tnstallation of FHCal / ———
S Elgl = LY = 12 |Commissioning R
JJ | R "l__‘}J zﬁ Eﬂ };\}{ Q =’ M 13 |Readiness for Cosmic test ~ / ——
CeogHas Ta6nuua | PucyHok Kawn  @urypel Smartért | Tucrorpamma Mpadwk Kpyrosas NuHelivatas C 14|Cosmic Ray rest
TaGnuLa T o < = = o oBnacran ~ |13 Tuning the lumoinosity L~
- 16 |MPD tests on the beam ¥
TaBanLk Wanwcrpagumn Jnarpammel
12D da dhelcoltider beakn
| AO43 - e | L
A B CDEFGH I|J K LMMNOPOGQRS|T U|VW|X Y|Z AAABACAD|AE AF|AG AH| Al AJAK ALAMANAD| AP | AQ | AR A5 AT Al AV Ifl
1 2020 2021 2022 2023 (8l
2 item ma|aprima|jun|jul [audseqoct|noydedjan|feb|ma|aprmaljun|jul |augsedoct|noyded jan|feb|ma|apr] mafjun|jul |au§ sef oct| noy ded jan|feb| ma| ap
12 | 10|Installation of TPC ==l | 4 |
13| |TPC vessel ready % Finish of integration
14 ROC chambers 15 1 20 2 24 25
15 FEE mass-production pra-sarie] == |mzssproducti] == == ==
16 Instal. ROCs to TPC
17 DAQ
18 Gas system === |Ready
19 HV (CAEN)
20 LV (CAEN)
21| |Cooling: FE+LVDB ot =
22 Cosmic test 1 (bld.217)
23 Cooling plant
24 Slow Control
25 Installation tooling concep|  desisn sfactyr
— o ———
26 Cabling and piping
27 TPC transportation to MPD hall| *1
28 TPC adjustment I
29 E//B alignment ]
30 Cosmic test 2 (bld.17) * |
a0 | 20|MPD tests on the beam *
41 MbDonlihd Chllidlerlbehmt =
42
43 | _| E
W4 v M| Nwerl <% ol m |
loTosD Nrogm | |ﬁ O 82% (C) Y k‘!‘)

20:
27.10.2020

280ct20 S.Movchan MPD TPC status, Dubna, Russia, October 28 2020 26

= G ) ENG




MPD event display- (V.Krilov)
& | W 3096-Bxogsuw ¥ 3096-Bxogawy By Google Mepesc € JINR Webmail : € €34 £ o4 B Hoeocu Hogo¢ MPD Event X & + v/ — X
& O o (O db-nica2jinr.ru De = 7. &2 -

Unit: 1 'Front Thermo-Screens'

‘ Drawevents 2ens'

Example
for TPC
LA 7z ) NG zs.;:gozo ]
http://nica.jinr.ru/ TPC TDR T http://mpd.jinr.ru/wp -
http://mpd.jinr.ru/ content/uploads/2019/01/TpcTdcvO7.pdf
Thank you for attention!
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SPARE
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TPC: FE cooling prototype™ 1 (INP BSU Minsk)

Water -+17 degree
Set up FE power stabilization board Al tube, Din -6 mm

Flow - 6 I/min

CAEN -17/' W

(+3.5V/28.2A, +4/2V/22.0A)

FE power (31pc) -134.9 W
Thermal pad - 0.8W/m*K
Al plates thicknessi (11+11) d3d3

Results:

ROC + FE SAMPA chips - (22-25) deg
FPGA chips - (28-33) deg
FE PScables -5.1W

Disadvantages:

Radiation length - 25%
Impossible to do replacement
of FE cards

=> -
280ct20 S.Movchan MPD TPC status, Dubna, Ru New prototype” 2



