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Outline

• The Outer Endcap Grounding and Shielding approach

• The Grounding Fault Monitor (GFM)
◦ The GFM circuit 

◦ The baseline procedure to follow during the integration

• The G&S in the cooling and electrical services

• The grounding scheme of the cooling circuit with the new EBs
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Introduction on Endcap G&S
• G&S related to Services (from PDR)

◦ Half-rings will be isolated from the Half-Shells (HS) by the ULTEM mounting 
lugs fixed to the inner surfaces of the half-shells.

◦ Type 0 and Type 1 electrical services will be isolated from the HS via their 
plastic insulating sheaths.

◦ Type 1 pipes and capillaries will be isolated from HSs or any other conductive 
surface using ULTEM clips. The design and number of such clips will follow the 
design of the Type-1 services assemblies.
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https://edms.cern.ch/ui/
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Outer Endcaps HR G&S approach
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• The local support Half-Ring is isolated from every component but the Bus Tape
• ITk reference potential to the bus tape through the Canbus Shield
• The back side of the bus tape is electrically connected to the local support through 

grounding pads
• Data PP0 grounded through the Twinax bundle shield 
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We have two options:

A. Using a multimeter at the end of each HR installation:
◦ Once the HR is installed into the HS, we can spot any unwanted contact 

between the HR and the HS using just a multimeter.

B. Using the Grounding Fault Monitor:
◦ The tool functionality and the utilization procedure are exposed in the next 

slides

The G&S Monitoring During Integration
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The Grounding Fault Monitor
• Ensuring personal and equipment safety 

requires grounding each sub-detector during 
integration and installation, with a specific 
configuration of connected and 
disconnected parts based on design 
specifications.

• The GFM monitor electrical connections in 
sub-detectors, preventing unintended 
connections to external parts like cooling 
systems or support structures.
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The GFM circuit
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• The sub-detector is 
earthed in a single point. 
The GFM applies a 
current to the sub-
detector reference that 
comes back from the 
earth point to the GFM
• A current sensor is 

continuously measuring 
the balance of the current 
and the return
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(from the GFM guide) 

https://edms.cern.ch/ui/file/3017644/1/Guide_GFM.pdf
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The GFM utilization guidelines 
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From the GFM guide

https://edms.cern.ch/ui/file/2475098/1/Ground-Fault-Monitor-Specs_V1.1.pdf
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From the GFM user guide:
1. Connect the HR that we are ready to integrate inside the HS on the 

ground

2. Connect the GFM to the HR  and integrate the HR

The Baseline Procedure During Integration
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https://edms.cern.ch/ui/file/2475098/1/Ground-Fault-Monitor-Specs_V1.1.pdf
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The Baseline Procedure During Integration
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3. If the green light doesn’t turn to red and the siren doesn’t start yelling, we 
are ready to disconnect the ground and the GFM from the HR and 
connect the Type-1 services. From that moment, the HR will get the 
ground from the HS

GFM

GROUND
HS w/ SERVICES

4. Let’s move to the 
integration of a new HR 
following the same 
procedure

GFM

GROUND
HS w/ SERVICES
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G&S Checks for Services
• The GFM allows to detect unwanted ground 

connections via the services like cabling and 
cooling.
• During the installation of the electrical service, 

is not already designed if PP1 sockets are in 
touch with the integration tool which is 
connected to the faraday cage. 
• Is it mandatory to continuously check the 

grounding status with the GFM during the
installation of the cooling line and the electrical 
service or in these case could we use a 
multimeter?
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The Cooling Circuit Grounding Scheme   
• The cooling is isolated with respect to the HS and then is grounded as 

shown in the sketch below 
• The ground on the detector is not the same of the CO2 cooling plant
• Two more EB are needed to avoid electrical noise on the pipes
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Electrical BreakElectrical Break
Capillaries

Loaded Half-Ring

ITk Ground CO2 Ground

• To prevent any damage on the 
cooling circuit the Swagelok Dielectric 
Fittings were chosen  

From SR1 slice test

https://indico.cern.ch/event/1354764/contributions/5704544/attachments/2766789/4819486/20231206_systemtest_sliceteststatus.pdf
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Open Questions and Next Steps
• Do we have to keep GFM 

running during the tests?
• How to connect GFM during 

mating of HSs?

• A GFM is currently in Frascati
and we are ready to start playing 
with it!
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Thanks for your attention!

Any comments or questions are more than 
welcome!

0 1 / 0 2 / 2 4 O E C  I n t e g r a t i o n  W S  F r a s c a t i 1 4



A T L A S  C O L L A B O R A T I O N L N F - I N F N

0 1 / 0 2 / 2 4 O E C  I n t e g r a t i o n  W S  F r a s c a t i 1 5


