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1. INTRODUCTION 

1.1 ZDC REQUEST 

The ZDC detector group needs the installation of 8 air-core coaxial signal cables to be 

routed from ZDC detector installed in the TANs located in sector 1-2 and in sector 8-1 

in the LHC tunnel (at about 140 m from IP1) to USA15 service cavern. The eight cables 

will arrive to the ZDC rack Y.30-11.A1, located at level 1 of bldg. 3125 (USA15). 

Four cables will serve ZDC side A, located in the in sector 8-1 TAN, while the other four 

cables will serve ZDC side C, located in sector 1-2 TAN. 

The ZDC detector group requested the installation of these cables to ATLAS Technical 

Coordination (TC). Due to the kind of cables (stiff and delicate) TC decided to ask for 

the installation to BE-EA-AS, which has already installed similar cables for ATLAS 

Forward Physics (AFP) in the past and has good experience as well as the needed 

resources in terms of tools and personnel. 

1.2 REASONS FOR THE REQUEST 

The reason to replace the current signal cables with these air-core cables is to mitigate 

the attenuation in the long cables, which leads to the distortion of the fast intrinsic 

signals from the ZDC Cherenkov signal. 

The only other option was moving the readout system in the tunnel itself, closer to the 

detector, which was discussed and determined to be too risky and therefore discarded. 

While in Run 2, the signal had a rise time of 5 ns and fall time of about 25 ns, meaning 

typical signals are not contained in one Bunch Crossing (BC), in Run 3 is expected 97% 

containment within 1 BC and thus safe operation in 50 ns running. 

 

Figure 1 — Signal plot Run 2 vs. Run 3 
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1.3 CABLES 

1.3.1 Air-core cables 

The 7/8” HELIFLEX Air-Dielectric Coaxial cable used for this cabling activity has a flame 

retardant and halogen free jacket in accordance with CERN rules. Its outer diameter is 

28mm. The detailed description of the cable can be found in the data sheet in Annex 1. 

1.3.2 CC50 cables 

The Coaxial cable 50 Ohm Type C-50-6-1 is used as termination of the air-core cable 

on both ends. In the CERN catalogue it has a SCEM code: 04.61.11.252.3. Its outer 

diameter is 10.5mm. The detailed description of the cable can be found in the data sheet 

in Annex 2. 

1.4 CONNECTORS 

At both ends of each air-core cable a type 7-16 DIN male connector is mounted. The 

detailed description of the connector can be found in the data sheet in Annex 3. 

On both ends of each CC50 cable a coaxial BNC male connector is mounted. In the CERN 

catalogue it has a SCEM code: 09.46.11.735.0 

To join the air-core cable to the CC50 cable, a female/female adapter is used. This joint 

is shown in Figure 2. 

 

Figure 2 — Air-core to CC50 connection detail 

 

 

https://edh.cern.ch/edhcat/Browser?command=showPage&argument=729&top=729&objid=%24%24EDH7j73a0edm&showAdvanced=&scem=&keywords=
https://edh.cern.ch/edhcat/Browser?command=showPage&argument=4192&top=4192&objid=%24%24EDH7j73d3mi0&showAdvanced=&scem=&keywords=
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2. CABLING PROJECT 

2.1 MATERIAL PROCUREMENT 

The ZDC detector group procured nine drums of 300m and all needed connectors. The 

Drums are safely stored at CERN in bldg. 609. Eight drums will be used for the 8 cables, 

while a ninth one is kept as spare. 

Also, the necessary CC50 extensions will be procured by ZDC detector group. 

All necessary items needed for the installation itself (supports, additional cable trays, 

etc.) will be procured by BE-EA-AS. 

2.2 CABLING STUDY 

The cabling study was done by ATLAS TC in collaboration with BE-EA. This study includes 

the 3D model and the cabling document stored in EDMS [1].  

The cables path goes from the LHC tunnel to USA15, passing via the survey galleries, 

the UX15 cavern and the TE16 technical gallery. It is described in more details in chapter 

3. 

This routing has been agreed between ATLAS TC, BE-EA-AS and ZDC detector group, 

involving also EN-ACE-INT group for the tunnel portion of the path, EN-EL and BE-GM 

for the path into the survey galleries.  

2.3 PRELIMINARY TESTS 

Reflectometry tests have been performed by the ZDC detector group. The results of 

these tests have shown that it is possible to join two pieces of cables using the above-

mentioned connectors. In fact, joining by connectors has been found to create no 

noticeable artifacts or distortions (a very small reflection has been observed). 

2.4 CONSTRAINTS 

2.4.1 CABLES 

Air-core cables are very stiff, and the bending radii are very large. Despite their stiffness, 

they are extremely delicate, and they can easily be damaged if handled carelessly or if 

bended too many times. 

2.4.2 LOGISTICS 

Air-core cables cannot be routed starting from a mid-point, but they must be pulled 

necessarily from one end. Due to the size of each drum, the starting point must be the 

tunnel side. 

Each cable weights more than 200kg. Therefore, its handling requires a large amount 

of people along the path. 

Cable trays along the way are partially (if not completely) full. Hence, additional trays 

or different hanging solutions are required. 
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2.4.3 TECHNICAL ISSUES 

To avoid deteriorating of signal, the splicing points between air-core cables and CC50 

cables must be as close as possible to the ending point. The length of CC50 cables 

should be limit to a maximum of 10m. 

During LS3, the part of air-core cables running into the tunnel must be removed to allow 

the execution of HL-LHC. 

Furthermore, during LS3 the TAN will be replaced by the TAXN installed closer toward 

ATLAS I.P. by about 14m, hence at a distance of 127m from I.P. Therefore, despite each 

air-core cable will be pulled in one single piece, all cables must be cut into two parts 

before LS3, to allow the removal and replacement of the tunnel part. 

The new routing for the tunnel to be implemented in LS3 will be studied as soon as the 

configuration for the related portion of the tunnel is defined and frozen (expected in the 

fourth quarter of 2021). 

2.4.4 SAFETY ASPECTS 

During the entire duration of the works (installation, testing, etc.) the powering permits 

of LHC sectors 1-2 and 8-1 must be suspended. 

Therefore, the BE-OP-LHC responsible, the BE DSO and the ATLAS LEXGLIMOS must be 

informed before the work start to ensure that the beam permit status is modified 

accordingly. 

Once the cables are routed and the installation activity is over, the two doors 

YCPZ01=UPS16 (sector 1-2) and YCPZ01=UPS14 (sector 8-1) must be re-sealed. The 

sealing shall be inspected and evaluated by the ATLAS LEXGLIMOS and the BE DSO. 

Only after the written approval of the sealing the two powering permits can be re-signed 

to allow again the powering phase in the concerned LHC sectors. 

2.5 SCHEDULE 

The installation of these air-core cables is foreseen in summer 2021 and currently 

planned as described below: 

- Weeks 26 and 27 side A (sector 8-1) 

- Weeks 28 and 29 side C (sector 1-2) 

 In case of problems or delays, the second option is to postpone the activity after the 

pilot beam (fall 2021). In this case the plan is to perform the installation as described 

below: 

- Weeks 44 and 45 side A (sector 8-1) 

- Weeks 46 and 47 side C (sector 1-2) 

 

However, the exact schedule is constrained by the LHC schedule. 
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3. ROUTING DETAILS 

3.1 GLOBAL ROUTING SCHEME 

From the ZDC detectors, the cables are routed along the tunnel and enter the survey 

galleries (UPS14 and UPS16). Then passing into UX15 and into the technical gallery 

(TE16), they arrive in USA15 up to Y.30-11.A1. 

Figure 3 — Routing scheme 

 

3.2 ROUTING OF ZDC SIDE A CABLES LHC- UX15 

The ZDC side A detector is located in the sector 8-1 TAN (see figure 3 in blue). 

3.2.1 PHASE 1 ROUTING 

From the ZDC, four CC50 cables are routed up along the back wall to reach the “splicing 

point” located below the longitudinal tray in a position that still have to be fully defined. 

The four air-core cables depart from this splicing point (see Figure 4).  
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Figure 4 — Splicing point side A in tunnel 8-1  

A rough estimation of the dimensions of the volume occupied by the cables splicing 

assuming that all male connectors will be in the same location is either 200mm x 50mm 

x 80mm, or 100mm x 100mm x 80mm, depending on the final routing (four cables in a 

row, or two cables in two rows). 

The exact location of the splicing point is still to be defined. 

The air-core cables are routed below the horizontal tray on the top of the tunnel using 

“J supports” attached to that tray. 

The plan is to use CAT48 J hooks. The detailed description of the J hooks can be found 

in the data sheet in Annex 4.  

Once they arrive to the UJ13 (larger part of the tunnel), they are routed using the same 

method below the perpendicular tray that crosses the tunnel and into the tray which 

follows the wall up to the red door of UPS14 (survey gallery).  

Into the survey gallery, the cables are routed in the vertical cable tray close to the floor 

along the outer corner (with respect to the curve of the gallery). 

Just before entering in UX15 the cables will go up along the wall and inside UX15 they 

enter the J hooks attached to the longitudinal tray running over the Level 4 platform. 

The installation of the J hooks in this part of UX15 cavern requires the displacement of 

the newly installed led lights. 

Going towards side C the cables arrive around Z0 and are routed into a new vertical 

tray, that will be installed on the wall beside the existing one, which is full. 

3.2.2 PHASE 2 ROUTING 

In LS3 the tunnel portion of the cables will be temporarily removed and the existing 

trays will be removed/modified.  

The current idea for the re-installation of the cables is the following: 

The cables are routed from the splicing point into the drain channel below the QRL 

(cryogenic line behind the beam line), using J hooks attached to the curved wall (see 

Figure 5).  
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Figure 5 — Routing along the tunnel 

 

Once they arrive to the UJ13, they are routed up along the back wall to reach the J 

hooks attached to the lower cable tray up to the red door of UPS14. 

The rest of the path in LS3 will not be modified. 

3.3 ROUTING OF ZDC SIDE C CABLES LHC – UX15 

The ZDC side C is located in the Sector 1-2 TAN (see Figure 3). 

3.3.1 PHASE 1 ROUTING 

From the ZDC, four CC50 cables are routed along the back wall to reach the “splicing 

point” located below the longitudinal tray in a position that still have to be fully defined. 

The four air-core cables depart from this splicing point (see Figure 6). 

 

Figure 6 — Splicing point side C in tunnel 1-2 

As for side A, the air-core cables are routed below the horizontal tray on the top of the 

tunnel using “J supports” attached to that tray. 
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Once they arrive to the UJ17 (larger part of the tunnel), they are routed using the same 

method below the perpendicular tray that crosses the tunnel and into the tray which 

follows the wall up to the red door of UPS16 (survey gallery). 

Into the survey gallery, the cables are routed in the vertical cable tray close to the floor 

along the outer corner (with respect to the curve of the gallery). 

Just before entering in UX15 the cables will go up along the wall and inside UX15 they 

enter the J hooks attached to the longitudinal tray running over the Level 4 platform. 

The installation of the J hooks in this part of UX15 cavern requires the displacement of 

the newly installed led lights. 

Going towards side A the cables arrive around Z0 and are routed into the same new 

vertical tray used for Side A cables. 

3.3.2 PHASE 2 ROUTING 

As for side A, in LS3 the tunnel portion of the cables will be temporarily removed and 

the existing trays will be removed/modified.  

The current idea for the re-installation of the cables is the following: 

The cables are routed from the splicing point into the drain channel below the QRL, 

using J hooks attached to the curved wall. 

Once they arrive to the UJ17, they are routed up along the back wall to reach the J 

hooks attached to the lower cable tray up to the red door of UPS16. 

The rest of the path in LS3 will not be modified. 

3.4 COMMON ROUTING OF ZDC SIDE A AND SIDE C CABLES UX15- USA15 

All eight cables go down along the wall in the new cable tray arriving to the top of the 

technical gallery TE16. 

They enter in TE16 on the left side (side A). A dedicated new cable tray (to be installed) 

will run attached to the ceiling of the gallery so that the air-core cable will keep free the 

access to the existing trays below. 

At the end of the gallery the cables go up along the wall in a dedicated new cable tray 

(to be installed). 

Once arrived in USA15 level 1, the cables are routed below the false floor in a dedicated 

new cable tray (to be installed) and reach the side wall. 

When the cables reach the side wall of USA15, they run along the wall up to the splicing 

point (see Figure 7). 

From the splicing point to the rack Y.30-11.A1 (see Figure 7), the CC50 cables are 

routed below the false floor and enter into the rack from below.  
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Figure 7 — Splicing point and destination rack in USA15 

4. REFERENCES 

[1] Cabling study (AT1-UZ-IN-0001). 

[2] The initial proposal for this installation process was scheduled to be presented at TREX 

meeting on September 30th 2020, but due to delays it was then rescheduled for the 

TREX meeting on October 14th 2020. 

[3] After several changes, the installation process was presented again during TREX meeting 

on March 4th 2021. 

[4] Results of preliminary tests can be found here. 

[5] Schedule and tunnel installation update can be found here. 

  

https://edms.cern.ch/document/2271900/1
https://indico.cern.ch/event/957613/
https://indico.cern.ch/event/957613/
https://indico.cern.ch/event/963851/
https://indico.cern.ch/event/1011272/
https://indico.cern.ch/event/1011272/
https://indico.cern.ch/event/1011507/contributions/4244622/attachments/2195029/3710980/2021.02.22-ZDC%20air-core%20cable%20tests.pdf
https://indico.cern.ch/event/1037880/
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ANNEX 1- AIR-CORE CABLE: 7/8” HELIFLEX AIR-DIELECTRIC 

COAXIAL CABLE DATA SHEET 
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ANNEX 2 - CC50: COAXIAL CABLE 50 OHM TYPE C-50-6-1 DATA 

SHEET 
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ANNEX 3 - CONNECTOR FOR AIR-CORE CABLES: TYPE 7-16 DIN 

MALE CONNECTOR DATA SHEET 
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ANNEX 4 - J HOOKS: CAT48 AND CAT64 J HOOKS THE DATA 

SHEET 
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