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Recommendations
• A full thermal analysis of the Temperature Gradient Monitors should be performed 

by end of this summer and the results discussed within the Collaboration. 

• 3D computation of the field in the structure is required to be sure that no point 
exceeds the maximum allowed value. 

• Procedures for installation have to be defined not later than end of July 2017. 

• Define the installation procedure so that it is viable with all the constraints form 
the other detector components and the facility (for instance the crane height). 

•  Integration in the general installation planning should be done not later than end of 
July 2017. 

• The definition of the integration in the slow control system has to be finalized by end 
of 2017. 

• The choice of 100 Ohm is not yet definitive. There are advantages in increasing the 
resistance at least to 1k. Check this option. 

• Sensor PCB are long because the probe must sense the temperature of liquid argon, and 
not being biassed by the temperature of the surrounding material. Where the field is high, 
reducing this dimension may be critical. Evaluate the minimum distance with CFD 
computations. 

• Details of the mechanisms how to fix the bottom of the pillars are not defined
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T-gradient monitor



preliminary 3D cad model
• 9 meters long and 12 cm diameter cylinder hanging from port 14.4 (14 

cm diameter)
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Baseline configuration
• 3 aluminum plates of 258 cm each 

• 3 FR4 disks per plate 

• 18 sensors separated 12 cm in the bottom plate 

• 18 sensors, separated 30 cm in the other two plates
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Shielding grid
• FR4 disks keep the 3 mm diameter 

stainless still rods vertical and at a fix 
distance
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• Stainless still rods are 
screwed onto the aluminum 
disk, which is screwed to the 
FR4 tube and the aluminum 
plate



Top section
• A FR4 tube with only cables inside, to insulate aluminum structure from flange
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Clearance for installation
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Sensor map
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• Cables can run attached to the pipes all the way to port 9.3 

• Pipes in purple, cables in white

Cabling for pipes
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Sensor’s support
• Needs to be designed (two weeks)  

• Depending on false floor height it may need to be temporarily rotated
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Hawaii sensor’s support
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TOP sensors and cabling
15

• Same map as at the 
bottom 

• All sensors at the same 
height 
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system to hold the cables 
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TOP ground plane cabling
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Sensor’s support
• To minimise the temperature bias produced by ground planes keep 

sensors at some distance from them (~10 cm) 

• The support needs to be designed (two weeks) 
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Sensors on cryostat walls
• To monitor cryostat walls’ 

temperature during cool-down 
and filling 

• Can use standard sensors 

• Behind APAs to avoid shielding 

• 16 sensors in total 

• Corrugation step is 34 cm 

• Put sensors every 4 corrugations 
(136 cm) 

• 6 sensors 

• + top and bottom
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Cabling for membrane: south
• Weld bridle rings to the joint between two walls  

• Sensors epoxied into walls
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Cabling for membrane: north
• Use the vertical LAr pipe as for the the bottom sensors 

• Need to understand how 
to fix the cables to the 
pipes 

• Sensors epoxied to walls
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Cables
• In order to maximize the precision of the temperature measurements 

and at the same time to guarantee good behaviour in cold and low 
outgassing the following requirements have been identified: 
• 4 wires per sensor 

• Teflon jacketed (FEP, PTFE) cables  

• Twisted pair wires 

• EMC shielding every two pairs 

• Three models under consideration: 
• Alpha Wire 

• Belden 

• Axon-cable 

• We will chose next week and ask for the derogation
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In farnell
• too thick  AWG<25 
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Flat cable from Axon
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cylindrical cable from axon
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Individual cables
• I’ve asked Axon to explore the option of individual cables 

• I would expect this cable to cost about 10000 $/Km 

• We need about 500 m for “other sensors” 

• We need about 250 m for T-gradient monitor
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Cables and sensors
• Single 4-wires cables from flange to sensor
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Cable options
• I can see three options: 

• Individual four wires cables, distributed in bundles by us 

• cylindrical bundles of six 4-wires cables with outer teflon jacket 

• flat cables with six cables of 4-wires with outer teflon jacket 

• There are probably more options. Open to new ideas !!!!
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Outer jacket
• In the case we use an outer PFA jacket, 

this should be terminated at different 
distances 
• There are 18 sensors spaced 30 cm and 

another 18 spaced 12 cm 

• I guess this is not posible for the 
cylindrical option since cables would 
have to be rearranged inside
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• Side view for two 6-cables bundles
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calibration



Readout and slow controls
• Developed by CERN EP-DT department (Xavier Pons). Three parts:   

• An accurate current source for PT100 excitation, implemented by a compact 
electronic circuit using high a precision voltage reference from Texas Instruments.  

• A multiplexing circuit based on an ADG707 Analog Device multiplexer electronic 
device; 

• A high resolution and accuracy voltage signal readout module based on National 
Instruments NI9238, which has 24 bits resolution over 1 Volt range. This module is 
inserted in a National Instruments Ethernet DAQ backplane, which will distribute 
the temperature values to the main Slow Control Software through the standard 
protocol, OPC UA. The Ethernet DAQ will include also the multiplexing logic

32

current source calibrated to  3 nA 



Sensor calibration 
• Lakeshore calibrated sensors are 5 times more expensive ( >500 €) 

• A small dewar (16 cm opening) available in Valencia (up to 15 atm)  

• The idea is to use LAr as bulk 

• Use LN2 and a heater to vary slightly the temperature (±5 K)  

• The flange and the system to hold the sensors needs to be designed 

• Initial tests with no flange will begin next week
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Conceptual design
34

side view front view

flange

cables

sensors

PCB

screws

SUBD-25pin connectors



Conceptual design
• 9 sensors can be calibrated at once using as reference 3 sensors 

calibrated by Lakeshore. Perform several combinations of locations 
to disentangle possible spacial variations of temperature 

• The flange will arrive later, so we need some temporary solution 
• We should be able to screw the PCB holding the sensors either to the 

flange or to an Aluminum plate at the top of the dewar

35

flange

calibrated

bottom view

dewar

Al plate



backup



Flange area
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Installation in clean room
• Nov 7, 2017 - Jan 5, 2018 

• For each CPA module, sensors/cables in 
the 2 associated top GP modules are 
installed in the clean room  

• The cable exceeding the GP dimensions 
is attached to the modules beside, once 
they are put together (in the cryostat, see 
next slide)

38

T



Moving GP into cryostat
• Nov 7, 2017 - Jan 

5, 2018 

• The three CPA 
modules and 
corresponding FCs 
and GPs are  put  
together once in the 
cryostat 

• So cables in each 
GP module should 
be attached to 
nearby GP modules 
at that point 
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Rotating FC/GP
• Jan 5,   2018 -   

Jan 10, 2018 

• Cables should be 
loose between GP 
modules to allow 
rotation of one with 
respect to the 
other 

• They will be tighten 
once the three 
modules are in their 
final positions
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Cryostat ports
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