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The electromagnetic endcap (EE) detectors of CMS use PbWO4 scintillating crystals as the detection medium.  The light generated is detected using vacuum photo-triodes (VPTs).  These VPTs require two voltages, one of 1000V and one of 800V for operation. 

EE consists of two endcap detectors, each of which is divided into two Dees.  Each Dee is divided into two quadrants.  The crystals are arranged into supercrystals (typically containing 25 crystals).  Each supercrystal must be supplied with one line at 1000V and one at 800V.  Within each supercrystal, these lines are fanned out to the individual VPTs.  Each quadrant consists of 78 supercrystals, giving 156 supercrystals per Dee and a total of 156x4 = 624 supercrystals in EE.

The high voltages are supplied via miniature coaxial cables and the connectors are multi-way HV connectors with 51 pins in each connector.  The coaxial cables are arranged in “looms” corresponding to the connectors.  This corresponds to: 

· 13 identical looms of 27 coaxial cables per Dee:

· 12 of the coax cables will supply 1000V (and ground) to 12 supercrystals

· 12 of the coax cables will supply   800V (and ground) to 12 supercrystals
·   1 of the coax cables is an HV spare
·   2 of the coax cables are destined for the EE LED system, and don’t use the   multi-way HV connectors, but are loomed for convenience together with the   HV coax (the LED cables will be slightly longer at each end, and will go to   some connector yet to be defined)
· There will be a total of 52 looms of HV cables in EE

· 13x12=156, so there will be no explicit HV spares other than the embedded 1 spare coax per loom (because of lack of cross-section in the cable ducts)

The total HV cable run from the HV “distribution boxes” in the underground service cavern (USC) to the perimeter of the EE Dees is divided into two sections: a long run from the HV distribution boxes in USC to the “intermediate patch panel” and a shorter run from the intermediate patch panel to the “Dee patch panels”.  The long section has cable lengths of the order of 70–80m.  The cable lengths in the short section depend on the particular Dee patch panel to which they go, and vary significantly.  These lengths are of the order of 20–30m.  Wolfgang Funk’s precise definition of these lengths (including contingency) can be found here: 

http://hepwww.rl.ac.uk/CMSecal/Installation/2004/ee-hv-cablinglength.xls
For the ~25m run, the sets of 27 coax cables are sheathed in insulating braid.  The lengths of cable through the ducts are collated into 2 bundles of 13 and 12+2=14 cables which have separate sheathes.  Once the cable has left the ducts it can be bundled and sheathed as a set of 27 cables.  The last 20 cm of HV cable before the Dee patch panels should have unshrunk heatshrink over the two separate bundles of 13 and 12 cables, so that we have the option of heating in situ to give rigidity in the final position.  .  The ~75 m cables from the intermediate patch panel to the HV distribution boxes in USC will be made up from a pre-manufactured multi-core of 25 coaxes of very similar specification (and presumably 2 accompanying individual LED coaxes – or can we re-group the LEDs at the intermediate patch panel into another 25-coax per Dee, dropping one line from 2x13??? – or fatter cable needed to avoid volts drop???).






Figure 1:  Schematic of EE cables and patch panels from the HV distribution boxes to the Dee patch panels

The arrangement of connectors and patch panels is illustrated in Figure 1, above.  The numbers in the figure refer to the Type of REDEL connector required at each location.  These are listed in the specifications for the connectors, below.

Connectors

The connector chosen is the compact 51-pin REDEL S-series HV (9kV/12kV) connector, available from Lemo and CERN-Stores, and described in a pdf file obtained in April 2003 from Lemo-UK: 

http://kwb.home.cern.ch/kwb/cms/ecal/eeservices/REDEL-HV-KandS.pdf
	Connector Type
	REDEL Connector
	CERN Connector 
	Connector Marking
	Pins
	REDEL

 Pins
	CERN

 Pins

	1
	SAG.H51.LLZBG
	09.41.34.250.7
	Black
	Female
	ERA.05.403.ZZL1
	09.41.33.200.1

	2
	SRG.H51.LLZBG
	09.41.34.255.2
	Black
	Male
	FFA.05.403.ZLA1
	09.41.33.210.9

	3
	SLG.H51.LLZG
	09.41.34.258.9
	Black
	Male
	FFA.05.403.ZLA1
	09.41.33.210.9

	4
	SAA.H51.LLZBG
	09.41.34.260.5
	Red
	Male
	FFA.05.403.ZLA1
	09.41.33.210.9

	5
	SLA.H51.LLZG
	09.41.34.268.7
	Red
	Female
	ERA.05.403.ZZL1
	09.41.33.200.1

	6
	SRA.H51.LLZBG
	unavailable
	Red
	Female
	ERA.05.403.ZZL1
	09.41.33.200.1


Table 1:  Details of the various connector types needed

The above pins have the largest available inner diameter, namely 0.5mm, as appropriate for a 7-way multi-stranded conductor, each of diameter 0.17mm, such as that below (Cable Group 1 in REDEL terminology).

We note that various tooling is also available for these connectors:

· Tightening Tool for guides: DCT.91.551.0LA = 34.95.22.360.9

· Extraction Tool for HV contacts: DCF.91.133.5LT = 34.95.22.350.1

· Crimping Die & Positioner: DPN.99.xxx.xx

· Crimping Tool & Die & Positioner: DPN.99.xxx.xxx

Cable specification

Extensive tests have been performed on a cable available through CERN stores: 04.61.11.145.5 coaxial cable.  This cable has been found to meet the requirements of the EE high voltages system.  In particular radiation tests have shown that it meets EE requirements.  The preferred cable for use in EE is therefore CERN stores cable 04.61.11.145.5.  If the cable is manufactured elsewhere it must be made of the same materials as this tested cable and be tested to prove it meets the radiation tolerance requirements. 

	Parameter
	Value

	Maximum operating Voltage
	1000 V

	Voltage rating required 
	3000 V 

	Maximum operating current
	< 1mA

	Operating temperature range 
	0-50 0C

	Cable type 
	Coaxial

	Insulation material 
	Solid XL-PE   polythene diameter 1.50 mm

	Sheath 
	Polyolefine 2.85 mm max. diameter

	Radiation tolerance
	400 kGy

	Material for core 
	Copper

	Core construction
	7x0.16 mm = 0.48 mm diameter

	Screening 
	Tinned copper braid 1.95 mm diameter

	Characteristic impedance
	50+/- 2 Ohm

	Resistivity per meter 
	126 mOhm/m  (only require value of this magnitude)

	Capacitance per meter
	100 pF/m

	Fire test compliance
	Complies with IS23 

	Bending radius
	1.5 cm

	Colour
	CMS standard (red and grey ?) 


Table 2:  Formal cable specification
Connector pin layout

The proposed pin used can be found below:

http://kwb.home.cern.ch/kwb/cms/ecal/eehv/EE-Redel-proposed-pinout.txt
Standard HV cable looms and their lengths

There are 25+2 coax cables per cable loom.  Their lengths are defined in the .xls file below, and are summarised in Tables 3 and 4.  For the ~25m runs, the 2 LED coax should be somewhat longer at each end, to generate flexibility – assume 75cm extra at both the Dee end and at the Intermediate Patch Panel.
http://hepwww.rl.ac.uk/CMSecal/Installation/2004/ee-hv-cablinglength.xls
	Total Number of Cable looms
	Length of looms (m)
	Connector Type at the ends

	12
	21.4
	4 & 6

	4
	24.7
	4 & 6

	4
	27.3
	4 & 6

	10
	27.7
	4 & 6

	12
	32.7
	4 & 6

	10
	37.9
	4 & 6

	26
	70.9
	4 & 1

	26
	85.7
	4 & 1


Table 3:  Lengths of the standard EE cable looms
	
	Length (m)

	Total loom length between EE patch panel and intermediate patch panel
	    1514

	Total loom length from intermediate patch panel to HV distribution boxes 
	    4072

	Sum of above loom lengths
	    5585

	Total length of pre-manufactured cable,  i.e. long lengths containing 

25 coaxial cables.  Same as above loom length.???
	    4072

	Total length of single strand coaxial cable used between EE patch panel and intermediate patch panels for HV & LEDs
	   37850 + 3184


Table 4:  Total length of coaxial cable used in the standard EE cable looms
Additional single HV cables needed from Dee patch panel to the HV boards inside the supercrystals

We plan to use the same single HV coax as in the long cable looms, both within the supercrystal HV umbilicals, and from the HV umbilicals to the Dee patch panels.  (They will initially be terminated with pins of these connectors, for supercrystal testing.  Once installed on the Dee, the HV looms will be run to the HV connectors at the patch panels, and in situ will be trimmed to length and new pins soldered.)  So conservative estimate of length of this cable:

624 SCs   x   2 HV lines   x   2.5m each (say)   =   3120m

(This length is conveniently close to the extra ~3184m needed for LEDs from the Intermediate Patch Panel to the Dee Patch Panels !)

Additional cable looms needed for testing/commissioning (to be updated to include LEDs)
Again 25 coax cables per cable loom…

· We now envisage that testing at IP5 is just done by hand probing from the HV source end, with a short loom connecting nearby pairs of cable looms at the detector end.  (The same loom can be used at the intermediate patch panel as at the Dee patch panel.).  We envisage 2 such looms.
· Looms A: for the above.  Propose to use pre-manufactured bundled 25 coaxes.  The cable is to come from the 320m of existing spare.
· Looms B: Now deleted [used to allow the cables to be tested from either end].

· Looms C: enable one complete Quadrant to be fed HV in B867.  (A Dee needs 13 HV cable looms, but the worst-case Quadrant needs 8 looms.)  Propose to use sheathed 25 individual coaxes.
· Looms D: enable one complete Quadrant to be fed HV in H4.  (A Dee needs 13 HV cable looms, but the worst-case Quadrant needs 8 looms.)  Propose to use pre-manufactured bundled 25 coaxes.  This cable is to come from the 320m of existing spare.  These looms will only be made up once their need is demonstrated (but the connectors will nevertheless be bought up front, to ensure their availability).
	Loom
	Number of cable looms
	Length of looms (m)
	Connectors at the ends

	A
	2
	    1
	6 & 6

	B
	0
	    0
	n/a

	C
	8
	    5
	4 & 1

	D
	8
	~25
	4 & 1


Table 5:  Summary of additional cable looms needed for testing/commissioning

Total required length of single HV coax:

	
	Length of single HV coax (m)

	Looms from HV intermediate patch panel to Dee patch panels 
	  37850

	From Dee patch panels to SC HV boards (or for LEDs from Intermediate Patch Panels to Dee patch panels)
	    3120

	Looms C above
	     1000

	Total length of single HV coaxial cable required for EE

(Note NO contingency included, as requested)
	   41970


Table 6:  Summary of total length of single HV coaxial cable required for EE

Total required length of pre-manufactured bundled HV cable, where each cable contains 25 coaxial cables: (to be updated to include LEDs)
	
	Length of bundled HV coax (25 cables per bundle) (m)

	Looms from HV distribution boxes in USC to intermediate patch panels 
	    4072

	8% contingency (which includes a possible 202m for Looms A, D of Table 5 for testing etc)
	      328

	Total length of bundled HV coaxial cable required for EE

(Note NO contingency included, as requested)
	     4400


Table 7:  Summary of total length of pre-manufactured bundled HV cable required for EE. 
                Each cable contains 25 coaxial cables.
Connector needs I: Plugs and Sockets

a) For the 52 occurrences of Figure 1, detailed in Table 3

b) Looms A of Table 5

c) Looms B of Table 5  [now deleted]
d) Looms C and D of Table 5. 
e) For far end when testing, to double HV lines back for continuity tests.  Two different mappings.  To go on any ends of any cable in Figure 1.  Four sets of each  [now deleted – Looms A can suffice].

f) For 4 sets of the test boxes mentioned above  [now deleted – just use DVM directly]
g) For KWB/CHST’s guess of Dechelette’s testing of the standard cable looms (we assume he’ll want boxes receiving both ends of the cables, say 2 of each)  [now deleted – Anna P tells Wolfgang that Dechelette will just hand-test the cables]. 
h) General purpose for mock-ups/tests etc (assume fully funded by RAL)

i) Contingency = 10%, with min=0 & max=12 (the connectors are non-standard, and so may become unavailable!)

	Need
	Connector Type

	
	   1
	   2
	   3
	   4
	   5
	   6

	Redel part
	SAG.H51.LLZBG
	SRG.H51.LLZBG
	SLG.H51.LLZG
	SAA.H51.LLZBG
	SLA.H51.LLZG
	SRA.H51.LLZBG

	a
	 52
	   0
	 52
	104
	   0
	104

	b
	    0
	   0
	   0
	    0
	   0
	    4

	c
	    0
	   0
	   0
	   0
	   0
	    0

	d
	  16
	   0
	   0
	  16
	   0
	   0

	e
	   0
	    0
	   0
	    0
	   0
	    0

	f
	   0
	   0
	    0
	   0
	   0
	   0

	g
	   0
	   0
	    0
	    0
	    0
	   0

	h
	    3
	    2
	    3
	    3
	    2
	    3

	i
	    7
	    0
	    6
	 12
	    0
	  11

	TOTAL
	 78
	    2
	 61
	135
	    2
	122


Table 7:  Summary of total plugs and sockets required for EE

Connector needs II: Pins
The pins corresponding to each connector type were specified in Table 1.  Male pins are required for Types 2, 3 & 4, while female pins are required for Types 1, 5 & 6.  Each connector needs 51 pins (so assume 52-53, to allow for losses & spares).  (We have ignored the additional 1248 pins of ERA.05.403.ZZL1 needed initially for the HV cables from the Dee patch panel to the HV boards inside the supercrystals.)
	Pins
	REDEL

 Pins
	CERN

 Pins
	Connector Types
	Number of connectors
	Total number of pins required

	Male
	FFA.05.403.ZLA1
	09.41.33.210.9
	2, 3, 4
	198
	10500

	Female
	ERA.05.403.ZZL1
	09.41.33.200.1
	1, 5, 6
	202
	10500


Connector needs III: Tooling etc

Again, given the possibility of these connectors vanishing from the market, it would seem prudent to ensure that we are adequately stocked with tooling.  So we propose:

	Item
	REDEL Number
	CERN Stores
	Require

	Assembly tool for guide pins
	DCT.91.551.0LA
	34.95.22.360.9
	2

	Extraction tool for HV contacts
	DCF.91.133.5LT
	34.95.22.350.1
	5

	Crimping Tool & Die & Positioner for inner
	DPH.99.060.11K
	34.95.22.320.7
	1

	Crimping Die & Positioner for shield
	DPN.99.005.2K
	unavailable?
	1


Aide Memoire for later:

· To be more physicist-proof, we should have the ends of the 800 V and 1000 V lines colour coded (via sleeving) at the (undefined) barrel connector at the end of the umbilicals.
· We have not touched upon cable labelling, but presumably Wolfgang Funk will define most of that.
· Figure out all ramifications of LEDs…
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