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CO, evaporative cooling system for the LHCb UT Detector

Ing. Simone Coelli - INFN Milano A
on behalf of the LHCb UT Collaboration simone.coelli mi.infn.ii

The LHCb experiment at the Large Hadron Collider uses a silicon strip detector for the Upstream Tracker (UT), part of its tracking system

- UT Detector
el « the full read-out of the (will replace the present Trigger Tracker)

_ front-end electronics, g
LHCb experiment currently limited by a
Level-0 trigger to 1
MHz, will be changed
o to a readout at 40 MHz
i ECal HCAL followed by a software
gz based event selection
= » detector designed to
cope with an increase
of the nominal
operational luminosity
by a factor 5
compared to the

current detector 10 ~1.5m |
» silicon strip tracker
- -~detector with improved ~ * 4 planar detector layers
performance in « Total area 8.5 m?
charged particle * High granularity silicon micro-strip sensors
‘ — tracking and triggering « Read-out by ASICs

 Signals processed at the sensor level
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Large Hadron Collider at CERN

Detector thermal design and cooling system tasks: "N X, ] v e g

Sensor modules are mounted on:

« lightweight carbon fiber mechanical structure

« embedding a SNAKE SHAPED EVAPORATOR cooling pipe

« passing underneath the read-out ASICs (thermal power sources to be cooled down)
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= extract the thermal power dissipated by read-out chips

= keep ASIC max temperature< 40° C

= prevent thermal runaway in presence of radiation
damage

=> keep the sensor temperature Tmax<-5° C
= minimize the temperature difference over the silicon O Highly conductive
sensors R

=>Delta T<10° C

of the local support
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=> Design exploiting a cooling system based on CO, Structural light-weight :29 g CO, 0
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Snake pipe embedded

Detector total power: :
into the carbon foam:

4192 ASICs ~ 0,8 W/each
+ cables + sensors + heat pick-up
= ~ 4 kW power to be extracted

COOLING PIPE:
Titanium gr.2
[.D. 2 mm/O.D. 2,275 mm

Stave internal
structure

t Analogy with an electric circuit FLOW RESTRICTORS
. Less used in present
«——  PARALLEL EVAPORATORS tracker detectors g
« A gasket (VCR) can /

become a restrictor

T.3 sensors:

* with 8 ASICs read-out

* laying on the data-
flex kapton cable
(greater thermal
Impedance)

L L “——  HYDRAULIC RESISTANCE . _ e To demonstrate the correct operation of the cooling, 2014-2020
T T | | T ADDED AT THE INLET Small diameter orifice => 200 MICRON . experimental measurements on full scale prototypes
risk of clogging ’ « thermal-hydraulic characterization of dummy staves
t IMANDATORY: STAVE PRESSURE DROP VS MASS FLOW-RATE
COOLING DISTRIBUTION SYSTEM WITH FLOW « To use proper filtering AT SEVERAL POWER LOADS
RESTRICTORS INSTALLED AT THE EVAPORATOR elements
INLET: 200 MICRON CALIBRATED ORIFICES e TO Use a pure fluid (nO PHESSUHEEEIJJLH:SL:HT::SEFLDWMTE
mOIStu re) 1/8 lNCH VCR GASKET FOR 0-50%-100% NOMINAL POWER
Replacing VCR laser orifices on  Take care of the Sian: ?me‘ - 1::: HEATER POWER 100 %
gasket with VCR blind gaskets cleanness of the plant R 3// -
J lines 700 - V" cow 0%
« Vacuum the lines before CENTRALSTAVE / /”}(——’"ﬂ% 3w 50%
filling (mbar] /é,,,//"/ \ sw 100%
00 /v
f 200 ?’
HALF-DETECTOR um
- COOLING .
~ DISTRIBUTOR Hole: FLOW RESTRICTOR ’ o : o : = ’

MASS FLOWRATE [g/s]

- TOP MANIFOLD

Stave temperature vs Set Point

UTbV_9CT M

= UToV_9CT_M1
UTBV_9CT_M3
e UTDV_9CB_M1
— UTBV_9CT_M4
=== Measured Set Point
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Closing UT bypass -
| UT bypass stays sing i EDMS: 2693340
| open for a large S. Coelli, H. Wu
COOLING CONNECTOR PIPES TOTAL flow rate STEADY-STATE
SS |D=2 MEASUREMENT POINT
. LD.=ZIMmm | B and T vE. Flow s Set Point = -20, stave off .
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= WORK IN PROGRESS: Subcool = T, (P) — T
: ' DETECTOR INTEGRATION & SYSTEM COMMISSIONG -

° UT Coollng System |S Worklng Wlthln expected parameters range uT h'_:,.-"[::':l.ﬁ'i-ﬁ fLJ]l"'_,-" f:.lli_:l“?l-ﬁfi and flow |f"||l:'t TET:]'I['J' continues

- Thermo-hydraulic behaviour is under control rate represents flow in stave increasing and eventually
. S : . ) : : CQO2 will start boiling

« Commissioning in progress. Further test is planned with multiple staves.
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