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Nuclotron-based lon Collider fAcility

NICA — heavy-ion accelerator complex in the framework of Megascience project

Clean Room
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Energy range:
4 - 11 GeV/nucleon. Infrastructure of the NICA Accelerator Complex
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https://nica.jinr.ru/ru/

Time-projection chamber

Time-projection chamber — MPD
primary sub-detector

Principle of work:

1. A nuclear reaction product ionizes the
argon-methane mixture. This process
creates an electron track;

2. Electrons drift in electric flied toward
detectors located at both ends of the
cylindrical chamber;

3. Thermal stabilization of the internal gas
volume ensures constant electron drift

velocity and accurate particle

identification ' Time-projection chamber
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Goal and objectives

Goal: explore the influence of thermal stabilization on the precision of TPC

Objectives:

e [stimate the temperature inhomogeneity degree at the boundary of
the working gas volume in TPC;

e Determine the influence of temperature inhomogeneity on event
detection accuracy.
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External thermal screen

External thermal screen — set of aluminum plates with water pipes bounding the

working gas volume.

Experiment: the panel is placed in an insulated box and brought to equilibrium, then

=T ___-12.6 K, 1 m/s

ater room

cold water is ‘instantaneously’ supplied T,

Sensor number:| |Heat conduction coeff
u of contact glue, W/(m-K):
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0 | 200 s | 400
Single panel of thermal screen Time dependence of température at sensor points

The difference in the
curves slope is
explained by different
quality of thermal
contact between the
pipe and the radiator
- the resistance of the
adhesive layer

dots - experiment, solid lines - COMSOL reconstruction
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Inhomogeneity on the thermal screen

High-voltage mylar electrode
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Screen is being heated from outside by Time-of-flight detector. Ar, o(CH,)
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The model & the mesh

Navier-Stokes & heat transfer equation:
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Estimation of error

1

3\4
. . . . . 1%
Kolmogorov’s scale n of smallest vortices in isotropic turbulence can be defined as = —
77 E

where v — kinematic viscosity, ¢ ~U'?/L is energy dissipation rate, where L — system

length scale, U’ — turbulent pulsating component of velocity (order of magnitude less than
the average velocity).

For mesh step h=7 cmand n =5 cm we can compute a fraction of correctly resolved
turbulent energy:

ok,

Jk E(k)dk k )3 _~ .2/3],-5/3 - )

o —| 2| ~0.97, where E(k)=C&“°k™" is Kolmogorov’s spectrum.
k" E(k)dk

E =

resolved

0

Wavenumbers are defined through lengths: k =27/n, k,=2z/L, k,=2z/h

We expect 3 % of unresolved energy turbulent energy
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Instant streamlines

Instant streamlines, color scale — velocity (m/s), quasistationary state at 4:10% ¢

AT=0.1K, Ra=2-10% AT=1K,Ra=210°
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Streamlines and velocity magnitude

Velocity slices

AT=0.1K, Ra=2-10* AT=1K, Ra=2-10°
: =4 " e
e For given temperature fluctuations gas N N | ooos O ooz
velocity is about (1 +5) - 102 m/s; ) . L | flocts
* Highest velocity is at the boundaries of ~ « Y T
the computational domain; | 0
* Quasi-stationary circulation is formed - v L
along the cylinder axis between the
electrode and the TPC face.
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Q-criterion & FTLE

Q-criterion & FTLE

Q-criterion — vortex search:
1 2 2
Q=2[jof -Isf ]

Difference between vorticity tensor norm

AT=0.1K, Ra=2-10% AT=1K,Ra=210°

Q= %[Vﬁ — (Vﬁ)T] and viscous stress tensor norm

5=-[V5 + (V&)']

Finite-time Lyapunov Exponent — coherent
Lagrange structures

A(F,to,At) = |T1t| In \/ﬂmax [(V‘ﬁt?w (F))T V¢ttoo+At (F):l

where t, —initial time moment,
At — considered period of advection,
' — coordinate vector,
Agax — Maximum matrix eigenvalue operator,
©* —flowmap, matrix operator mapping coordinates of
Lagrangian particle at time moment t, to coordinates at

moment ¢, + At.
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Heat flux

Temperature dynamics AT=0.1K, Ra = 2-10¢

AT=1K,Ra=210°
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Electronic drift 8

7_
When beams collide, the highest yield of 6_'
elementary particles is expected at sharp afgle 2] .
to the central electrode. The drift velocity V, of g ]
electrons to the ends depends on the local 2 4'_
— S
temperature T(F) : = 3-
NG — YRR 21
Vd o VdO + KAVN VdO 6 -
_ 1 -
where  V,, is drift  velocity at thermal - -
stabilization temperature, 0 0 100 200 300 ’ 400 5000
O - deviation from thermal stabilization E, V/cm
temperature; Field dependence of electron drift velocity and
K,y — coefficient of linear drift velocity change coefficient of linear drift velocity change in
under electric field 140 V/m for given thermal Arg o(CH4), , for 25 °C
stabilization temperature. Cee of computing rograms) 1 Eurapean organtsstin or ructent reseach. 1938, N . P 135,
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dT=1 K, Poii 3/1eKTpOHOB (I[BET - OTKJIOHEHUE OT CKOPOCTU TEPMOCTAOUIUZALIN)

Electronic drift

40
Cauchy problem for a single electron: o 30
ar(t) . . 20
O g, @t
< dt 10
= = " /3’\,, :
kre (O) - reO ’ :i 0
Algorithm: So
g = -
1. Solution of the equations of gas dynamics and 20
heat transfer; -30
2. Solution of the equations of electron motion 0
from the track using the spatial distribution of
temperat.ure of the .medlum. o Swarm of electrons drifting from the high-voltage electron to
3. Analysis of statistical characteristics of electron the end face of the working gas volume at the temperature
drift. fluctuation amplitude of 1 K
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Electronic drift
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2100- = 1500- 400-
1800 i
1500- 12004 300.
Z 1200- < 900 [Wis - 200
900 6004
600+ e | 100-
J " ]
300+ |
0 . . | L | . 0 . . . . s 76 5-43-2101234650678
-06 -04 -02 0,0 0,2 04 0,6 -2 -1 0 1 2 AV e
AVp, M/c AV, M/c D> M
Distribution of deviations from mean electron drift velocity for different amplitude of temperature fluctuation
AT, K AVL—)O(%, M/C AVqr)oA‘, M/C Atl—',()OA,, C Atqr)(%, C AX:‘O(%, M AXQ;OA), M
0.1 0.074 0.15 3.4-101° 16.1-1019 (6.0-10% |1.2-10°
0.25 |0.08 0.41 2.9-1010 11,7-10° |6.5-10° (3.3-10-°
1 0.22 0.82 8.9-10° |3.3-10° |1.7-10° |6.6-10-°
2.5 1.38 2.99 5.6-10° ]1.2-10° |1.1-10* |2.4-10*

AYSS-2024

Influence of boundary thermal fluctuations on event coordinate determination in a Time-projection chamber



Conclusions

« A model of heat transfer in the working gas volume of the MPD unit of the NICA accelerator complex has been
developed, the corresponding initial boundary value problem has been solved by the finite element method;

* The following features of the flow were found:
a. heat transfer occurs primarily due to convective which is supported by Nu ~ 106;
b. appearance of flows carrying heated and cooled gas deep into the working volume occurs due to the
rotation of small vortices at the boundaries caused by temperature differences at the boundaries;
c. temperature deviation of Ar,4(CH,),,; from the thermal stabilisation temperature monotonically decreases
when moving away from the outer boundary of the gas volume, reaching to the centre of the working
volume not more than 0.01 K;

« A method is proposed and implemented for the calculation of the drift velocity of the electron swarm in the
working gas volume from the solution of the equations of motion, taking into account the dependence of the
drift velocity on the local gas temperature;

* |t was found that 95% of electrons have an error of no more than 7-10% um in restoring the initial coordinate at
temperature difference amplitudes of 1 K at the boundary.

The boundary conditions will be refined to account for heat generation on the ToF, and the calculations will be refined
using the Nek5000 code on the supercomputer
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Pa3paboTka skcnepuMMeHTaIbHbIX YCTPOMUCTB

Ona 3anycka MPD pocrtatoyna tepmoctabunmzauma 1 K, HO Ana pa3BUTUA KOMMIEKCA
NOHago0buTCA 3ameHa rasa u tepmoctabunmnsauma go 0,1 K

* Heobxoanmbl AaTYNKU
TEeMMepaTypbl BbICOKOM TOYHOCTHU;

* HyXHa cuctema  nNoaroToBKU
TEPMOCTabUNN3NPOBAHHOIO rasa;

/ NapoBasn
" NMJIOCKOCTb,
I 0K Pabouuni razosbii 06bem

* [loHMMaHue, BO3SMOKEH /I TaKOU
peXXMm B NpuHUMNE

M340Bas NIOCKOCTb KOHTAKTUPYET C TOPLLIOM ra3oBoro obbema

CMnT3-2024 TepmocTabunnsauyma anektpoHnk ROC yctaHoBkM MPD kKonnaigepa NICA




au

CBa3aHHaa cmuctema ROC

LVDB

ROC case Water supply Electric cables
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[TooBepKa TepmocTabunmsaumm naockoct ROC

JKCNEepPUMEHT:
SAMPA water supply
« Bopa  nopaetca 4 ROC _\ 17
pa3ge/sibHbiIMU TUHUAMMW, e Vacuum setup for ECAL
-tt testing
* Kamepa anekTpoHnkn ROC Polystyrene heat |
Thermal 4@ isolation tunnel (| .
TENNTON3O0/TNPOBAHA oT imaging Ll /—Heatmg element + PLC
OKPYXKEeHMUS; camera LI O Water chiller
|
e KomHaTa -VDB i
KOHOAUUMNOHUPOBAHA; ng:;:rugggei
Power supply, LVDB water supply
¢ Te naoB M30p HaXOAMTCﬂ B Agilent 34970a — FPGA water supply
TeMHOTE M KanmbposBaH No +34901, DAQ — ROC case water supply
KOHTAKTHbIM AaTYMKaMm
Temneparypbi. Cxema sKcnepmmeHTa
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Icnonb3yemble AaTHUKM

C TouHocTbto 0,01 K gatumkum Pt100 B Poccmm He cepTULUPUpPYIOT, https://voutu.be/ kcda9WyVOU

npoBeAeHa KannbposKa c nomouwbio Inemep-TK-M150-K

18,040 A
‘L
17,99743 17,99413
17,985 -
O
o
~ 17,930 +
|_
17,875 -
17,8533 17,85226
17,820 ~ T T https://rutube.ru/video/private/fc768c02ae8ce14493c1f14abc95949b/?p=Mdkk
[lepBnyHOE namepeHue [loBTOpHOE nM3MepeHue ueBE9O rzah2Bd1gRA&r=plwd
Bbibupanunce gatimkm us kopmaopa +0.02 K ot cpeaHero 3Kcr|epmv\e HTa/iIbHaA YCTAaHOBKaA
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https://youtu.be/_kcda9WyVOU
https://rutube.ru/video/private/fc768c02ae8ce14493c1f14abc95949b/?p=MdkkueBE9O_rzah2Bd1gRA&r=plwd

BHewHun Bo3ayx: 24°C

CTe I_I e H b Te pN\OCTa 6 l/”-l I/] 3a LLVI I/I SAMPA Boaa Ha Bxogae: 25°C (cTaumoHapHO)

FPGA Boga Ha Bxoge: 17-18 °C

= Tennosusop
' Flir E8 6bIn
| KannbposaH
| oTOOPaHHbIM
n Pt-100
Tepmopesmnc-
TOpamm
CeHcop T, n C Teamerar . C
HKentbin 21,82 21,87
KpacHbin 21,67 21,67
CuHUM 21,50 21,56
Cepbin 21,86 21,87

6e3
a4anTUBHOM TemnepaTtypbl B
KOHTYype Kopnyca ROC

M>p00Bas  NAOCKOCTb

Booa B

Kopnyce ROC
porpesaetca go T=23°C
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Water inlet

[a30BbIN TeNJ100OMeHHUK

Gas outlet

KOXYXOTPYOHbIN
yX¥oTPY Gas inlet

TENN00OMEHHUK:
* [a3 TeyeT Nno 74 manbim TpybBKam m, 1

AnameTpa 6 mm; Water outlet

* BogAHOW C/ION CHaApPYXXU Manbix
TpybOoK obecneunBaer

TennoobmeH;

* Bec 8 Kr

B npouecce U3rotosneHuA

XIV Collaboration Meeting of the MPD TPC and ECAL cooling system: status 24
Experiment at the NICA Facility



[a30BbIN TeNJ100OMeHHUK

Prototype simulation parameters: AT decreased by 10 times

* Length 0.55 meters; * Water flow is 0.1 m3/h;
* |Inlet gasis 10 K hotter than water; ¢ Gas flow is 20 — 200 I/min.

XX XXXXR | | | 12

0000000000 BF | o4 1

X X X X X N X _ L. 03 08
At inlet At outlet — 20 I/min At outlet — 200 I/min
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Gas temperature sensor oy Gleb Meshcheryakov

* Argon flow = 800 cm3/min; 0,03+
* Water jacket is around testing tube; 0,00-
« Pt100 RT + NI Controller; X 403 i
\ 4 I_ 1 E n
- o A <1 0,064 g
» :‘,‘4’ l '!Hfl Htf % &\‘ }))) >' ) -0 09_':.
4655 ” i ———{ ’ E‘ - Difference between control
ﬂ | ‘ | and sliding sensor '
0124,
Testlng tube with sensor fU” 0 5000 10000 15000 20000

t, S

Time dependence of AT between the
control and the full-drown sliding sensor

p % 4 <0.03 K gradient is achieved inside the testing tube
Sliding sensor almost out of tube with gas about 15 °C and room temperature 21 °C
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(Gas temperature sensor

® Difference between actual *
0,61 and measured gas temperature
Y 0,4-
I—“
<
0,2+ ¢
®
0,042 . — . . .
14 13 12 11 10 9 8

L, cm

Difference between control and sliding sensor
temperature on the length of wires inside gas

gz "

Prototype of gas temperature sensors
with swagelok and wire support



BbIBOAbI MO 3KCMEPUMEHTA/IBHOM YaCTH

* Prototypes of temperature sensors for the flowing gas have
been proposed and manufactured, with an expected
measurement accuracy of 0.03 K;

* Functioning front-end electronics of the ROC was stabilized
using four water lines equipped with ultrasonic flowmeters and
controlled via programmable logic controllers. The temperature
uniformity achieved achieved on the pad plane was not worse
than 0.1 K, which meets the requirements for MPD
experiments.
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