Georgian Scientists

JoOm3zgwo dgabogegdo

00
0:.:0
00

Vol. 8 Issue 1, 2026
https://doi.org/10.52340/gs.2026.08.01.07

03559350056 33BM356 gEHIEMMJOBo MYMIMEO MNZ0MYYMESEOOLs
3995603900

B3050 535005009t MMM 390990605% 0MO BoWIMVYMOSS; Lsewmdg 353530d9*

1393609M90s00 MIEHMM0, Lodo®mzgerml 39dbozmemo mbogg®bo@gdo, bodstmggerm, 0160,
0000, 0. 300U3535L 77, E-mail: zviadi.tsamalaidze@cern.ch Tel:+995741775; 29936096gds0s

©MJGHMM0, LodsMm3gwml $9dbozwmo Mbogzgdlodg@o, Lado®mggwm, 0160, mdowobo, d.
30UGo35L 77, E-mail: oto.kemularia@gmail.com Tel: +995568821788; slm306093mwo 3Gmagbm®o,
005l bobgedfoxzm MbogzgMLoEgE0, LyJo@mzgwm, 0162, MBOWOLO, 0. F53F535d0L 2sdboGO 45, E-
mail: iuri.bagaturia@cern.ch Tel:+995593781142; 45w 9b@0 (0mgGm@sb@«y®s), bods®mggarmls
3995037900 MboggMLoE 0, bodsOmzgwm, 0160, MdOOLO, 0. 3MbEogsl 77, E-mail:
salo_vashakidze@ymail.com Tel:+995593644597

353)936005: Bs0bg0bMM g3bogMgdgdo

®9bovydg

UBAoG0sdo  asbbowmos  ©odsLdHd0s6  A9BM36 9B 9JBH™MOMYdTo  Mg@MINo
030009295300l Joymds, H™MBgwo3 93136905 IGHIJAHMOOL Gos 0mboBsEool S0l

2090g9gbgdsL 0bGHIMm0Mmgdmwo ffobs bsfowol (FE) gargdddmbozol dogé §o@dmddboero

LoMdML  9x39IBHMOO©  FMBLTMOPIWSE. 3J3g3d> FMOoEegl  LEHMMM-EGwdol  GHM9396M0L
09039 560D, 2obol b53500Ls S 9MIYEHM0E0 356589EMIOOL Mm3EH00DBIE0L s

LoMESE30IMO F9IRgO0L 9Ju39MH0TI6EH TP 35e0EI30SL. F0LIOIO F9JJO0 5839690,
603 500900L CO2- 99339e0 BsBogol gsdmygbgdoo dglsdwrgdgwos gwrgdd®mbmwo
3093mbgbGHqdolL LsdMdom 3H9ga39gMo@ Mol 40°C-0g 8993060905 B FoBoL LoBdsGol
30609030, M3 MYOMMB3gEYmxal IBHIJBHMOOL JMBLEOWJE00L 4856 EH039dsL, dslaerol
650096030l 9993060905l s MYMHTMo FoMMN30L 9539dBH0b sEBHIMBEH0ZL  Fo®owro
969630900l BoBo 30l gdu3gMH0dgbEHgdolm3z0L.

15533560 LoEY3900: 25HM3560 YBHIJBHMM0, MYOHTMEO FoOMZs, BLEOM)-GdOL GH693960,
39300930l M3EH0d0bs30s, Jomswo 9bgeyogdol gobozs

dglsgsemo.  owowo  gbgMaogdol  Bobogzol  gdudgModgb@gddo,  bsfows3gd by
©51533003905® S Jobo MYROLEBHMIE00L FJOMPMEMAOOLMZ0L Fodmoygbgds 4sBMMO

Georgian Scientists/dsGomg9wo d93boggdo ¢. 8 N 1, 2026 | 91




frame-contour-2
Static Temperature
3.37e+01

3.18e+01
3.00e+01
2.81e+01
2.62e+01
2.43e+01
2.25e+01
2.06e+01
1.87e+01
1.69e+01
1.50e+01

g

-
20—1 » _D

° )!} .
U965, 1 0096979¢m0 3565[o985 @IAINH 2P0l 892899605 By bod=yenszosdo. ©9Bseg8obogol ob. 3gibho

239631bBH30L  ©9BIIEHMOJd0.  LEHGH0sd0  2obbow o, Jos  0MmbobHszool  soMob
2990996930l JglodEgdEMds, MMM 4535xM0wgdgeo Lombols, 0bEga®oMgdmwo obs
Bsfoerol (FE) §odzombogo gargd@®mbozol dogh fomdmddbowo mghmhdmwmwo ©sG3zo0OHm3ol
9989d3HMOs© IMbsdMOgdWs©. GH9dbo3s 9x8mdbgds Mm3EH00BYdMwo Lombol Bsgowl s
399009gbgds  09659900MH™M39 ©odsEro  LoIdWszmol  gagdBMmbozado. “Y30MsEHImdGIL
§o00m596L ©09E9JEHMOOL 3MBLEHMMJ300L 35F5MEH039ds, BogHmm FoLaerol Momgbmdols
9993060905 0009J0bg-093gJBH™MOL 56MT9IM, B0 BOYXIHO, 53M)M3g F9930609dMw0
bsGx 900. 30330930, LAOMY-E1BOL GHMY3GOL S FgLodITOLO POAMOWGIOL 35M5d9EHMIOOL
0930 5b5w0oBol Boggmd3zgw DBy 35390900 Mm3EH0T0Do300L. F9ga00 563969dL, GMI
99dHOMbMwo  3m33mbg6@ ool 9B9JGHMIM0 A93MOWgds dglodewrgdgeros dodlodswrGmo
Loddom 39d396ms@GHveol 40°C-0g 9993009000, 359m0Yyghgds 506930l b5Bs30, GMIgeros
390353L CO2-b FoJbodw3d 30%-0¢g 99MJB0M B350 LOBJSGIOL A5BOL 30O MBYdTO.

L. doMomso bsfogo

390O0 2o6319bEH30L  YEIIBHMMIO0 MbsTgEMM3g Tomowo 96gM0gdol BoboZob
99b396M089bBHOL  vME3ogdgwo  3MA3MbgbG0s. o AsTM0Yghgds  2obTdo  ombobszool
§o63mgddbs dobo LsdMIsm FMEwEMdOL FMBEHME0 Bofiors30l JogH 255339008 O™

[1]. bgbbmGe 9gdgbEHdmb gargd@BH®mMbo3Zol sbarm 0bEgaGoEool gsdm, 989dGwGO
0930 JoOMZ5 CO0Ds0bol 3MoE03Mws 36033b69wm3z560 sb3gdEos.

Georgian Scientists/dsGomg9wo d93bogmgdo ¢. 8 N 1, 2026 | 92




A6OO0EOMWO  ogMowgdol LobiEgdgdo, MmIwgdos ©sx329d6gdwwos 1393056
Lombggdbg o6 994o603m6 LEHOMIGHMOSDY, DBOEOL  3MI3EgJuOMBSL, bobrxgdl s
&©939600L  BEMEMdsdo  ©BSGHJO0MO  Bsbogrols  TgBobs  bgds. gl Y39WsxkgeO
565L5IMH39W0s FMHZ5CR IO A9RBEZ0L Jobodobs0ols s WIBHIIGHMMOL F9dsmdols
36OHm39LoLm30UL.

396L39dBH0MWo  SEBHIMBGH035  ©IBHIIGMMOL  0mboDsEool  S0MmOL  A58mYgbgds,
OMPMO3 3595300090 BTSN gdS. 5060l 5535000l s 898500396 MmdoL M3E0dobsigools
30m, gOHMLS S 03539 LOLEYISL GOPOOMMYWHE Fgdwos M HBOWB3gEYmL IGIJEH™OOL
LGHVOWWMOHO  FNdomds >  ggdBHOmbozol  dogh  o®mdmddbocrol  LomdmU
390bmogz0LREgds.

II.  ©939IBH™MOHOL 3mbxogymMs30s

93900 ©9AIJBHMMH0L JoMO0MOEO 3MI3Mbg6E0s, MHMIgaroi d9Jdbowros bafowszgdols
35050 LoBMLEBH0 IMbOBHMOHObYOLS s 330603900LMZ0L. TgYgds Mbgwro, dlwdwJo
LAHOM-GOOL  Fob03ggdoLASD,  MMIgoE  d93bgdMEP0s  0MBOBIBFOOL VOGO o
39b@ogg0Eos 0893565, MMI Fgbodegdgeos bsfoers3gdol  LodysbBmdowgdosbo

93bLEHONI300.

Narrow domain thickness vs. Chip Temperature
1280mm section 1.5mm Foil
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k J 4
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20%0 53LgdL, 393m30@s 0.000692476 M. 3OXEHMEH030L B0Ws 9BIJHNIMO BIOOMIO Agpy =
0.10 m%. 5098m3o  BmMO3LYPdMEO  GW9dBHOMBMWo szl Ls0doGszom  BmEgo,
0bgbs oBoL 2o69dmlb 33900l BoMMMdOL T9I30609dsL s ol o®dgdm Jdbos 9.§.
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04m, 300009 ©BsMBYD 2o0Mgdmdo (v = 0.067 m/s). 3OmGHMEGH030 Inmo3LgdME0  0ym
LoGgLBH™ MmmobTo, HMIwob 9d396MsGMs 21 C° -l 8950y9bs.
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Qar = M Cp X ATy,
Qar = 0.0936 ATy, [W]

53600l 3060l BsOBML MdMOIBODEIbEG M MdS:

L 001 ,
Rcond = E =m ~ 0.053m K/W

23969 3mbgz9dgos:

1 1 ,
Reony =3 = 5z = 0.040 m*K /W

LEOHYEO MIMOYHOLEIEG I MDdS GOMNIMW BSOIMMODY:
Ryau = 0.093 m?K /W

LOMdML 35635 BORMOI:
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: ff
Qwaus = Re X (Tgas —T)
wall

Qwalls ~ 1.08 (Tgas - 21) [W]
3WMdIMH0 9BHIMR00L B3sbLO s FOBOL BHgB3GMSGHIMS:
Qtotal = QAr + Qwalls
Tin = T, = 21°C

8.23 = 0.0936(T,qs — 21) + 1.08 (T,qs — 21)

828 __
Tyas =21 =15~ 7°C
Tyas = 28°C
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39939M5GMO0L b53sHo FPGA-bogob: ATrpgy = 3.0 X (9 —12) = 27 — 36°C
153569 M LOdMEM® 39gd3gM0GOS:  Trpes = 48 — 57°C
H993905@ M0 6535¢0 ASIC-bogol: ATs;c = 5.28 X (4 — 6) = 21 — 32°C

153565 M LOdME MM 3Hga3gMGHMMS:  Tygc = 42 — 53°C
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Abstract. Large volume gas detectors are common for particle tracking in high energy physics
experiments. We discuss the possibility to use the internal ionization gas also as a coolant
fluid to remove the heat produced by an integrated front-end (FE) readout electronics. The
technique is based on an optimized fluid dynamics and is applicable to modern low-power
electronics. The advantages are a simplified detector design, an overall lower material budget
within the tracking detector, as well as reduced costs. We consider the case study of a straw
tube tracker and optimize the relevant cooling parameters with thermal analyses. Our results
indicate that an efficient cooling can be achieved with maximal operating temperatures
below 40°C for the electronic components, using a gas mixture containing up to 30% of CO2

and relatively modest values of the gas flow.

Keywords: gas detector, thermal management, straw-tube tracker, cooling optimization,

high-energy physics
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